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COMRATii -

The concept'of COMRATE as a. standing Committee of the NAS -NRC Division
of Eath Sciences to provide an Ongoing, balanced, long-term review of
problems affecting mineral resources and the environment was approved by the
NAS Governing Board in September 1971.

The first meeting of the COMRATE nucletis October 1972 under the
Chairmanship of Preston Cloud whn had al,sb headed the Academy's prior study
Resources and Man published in 1968.

Starting in early 1973 COMRATE divided itself Into four panels each of
which 'undertook separate investigations. With initial support by the
Department of the Interior, U.S, Bureau of Mines and U.S. Geological Survey,
later supplemented by a grant Uom the PopuLatigniColincil and from the
National Science Foundation, DivisIon of Matekials Research, COMRATE audits
panejs each metappraximately.,five times between janbary 1973 and June 1974.

, Characteristically thee panels 'cwvened workshops to which experts and
representatives of government, industry and academia were invited to present
their point of view and to contribute to.the panel investigations. Together
with its panels COMRATE also conducted three geld trips: (1) to observe the
offshore oil produ&tion operations and natural oil and gas seeps offshore at
Santa 'Barbara, Califoillia in June 1973-,. (2) vb observe the steel making com-
plex at Sparrows Point, Maryland in September 1973; and (3)tovieW' various
open pit, -block caving and solution mining operations for copper in 01e
vicinity of Tucson, Arizona in December 10W3.

UponNr*tbn Cloud's resignation :in August 1973, responsibility for the
COMRATE chairmauship was assumed by Brian J. Skinner and COMRATE itself was
administratively transferred to the newly-formed NAS-NRC Commission on Natural
Resources_ Also in August 1973 COMRATE.convened'a special Symposium on
.nineral Policy which was attended by representatives of many branches of the
federal government. .
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ExiicuT SUMMARr
NTRODUCT ION

TWO POINTS OF VIEW

Minerals are the staff of civilized living, and growing concern with

their continued availability and efficient use was the impetus fOr thi4 .b

report. In the course of its study, the Committee on Mineral Resources-and-

the Environmdn't (COMRATE) recognized that two increasingly polarized Schools

of thought arc becoming entrenched con'cerning the future adequacy of the

world's mineral resources and the environmental costs of winning them, The

study gf.the general issues involveddemand, 'Supply, technology, and environ,

mental impact of production--by the four COMRATE panels has rdsulted in find-

ings which may go some way towards reTeiling the two extremes. . 0>.;

The "doomstcrs" see a futurp.'in which catas'iroQpic exhaustion of ,

resources'is/ inevitable unless drastic measures are taken to red,u_e eCOnomic

growth. In opposition, the "cornucopian" view iaintains that mineral.

resources are economically, and, for any future that may concern us; physi-

cally infinite. This untesolved conflict in economic thought was represented

OMRATE panels as well, and is illustrated by he dissenting opinion

c to thd Report of the Panel on 1)emand for Mine al Resources (S-ection

IV).

as There are fallacious assumptions and potentially, dangerous consequences

inherent in both extremes.. The "doomsters",pay too little attention to the -°-)

adjustment potential of the market mechanism, and generally\fair to understand

the distinction between "reserves" and "resources." Their gloomy outlook is

based n a "fixed" supply of materials and fails to recognize that the supply

availab e changes as price rises and", technical advances make lower grade

resource economically and physically More accessible, The danger of this

approach lies in its encouragement of alarmiSt ov.prreaCtion on the part of

policymak,rs, which may in'turn have unnecessarily'disruptivp
effects on the

economy and society as a wh8le.

Y)

The "cornucopians," on the other hand, rely too heavily on the 4narket.

mechanism for induOng th,0 transformation of -"infinite" resourceslinto dlmost ,

infinite reserves, 'and on the technological miracle for providing the physical

4



wherewithal. Their hypothis insufficiently represents the increasingly
large capital costs of technological advance, the long lead times involved,
the "net energy" factor (the energy cost involved in the technology of in-
creasing,production), and the fact that although technology has always comeup with /an answer in the past, its solutions have always had their social,enviyOnMentair or economic costs. These costs can no longer be ignored andaro/in fact setting apractical limit to the economic/technologic transfor-mation of resources into reserves. More importantly, the economic/technologi-cal basis o the. cornucopian argument is derived'from the veryassumption/
its-adherents are concerned to disprove: it is shortages and public awarenessof shortages which proxiide the inceptive for increased production, techno-'
logical.sOutions,-and increased efficiency of use.. 'The,paradoxical resultof the cornucopian Mess'age'may thus be the fulfillment of the CasSandrasprophecies: ',in the relaxed climate fostered by anticipation of plenty, therewill be no aPparent urgency for setting in motion the economic and techno-

.logical machinery for maintaining that plenty. This is a particularly impor--
eaht,probleM for the United States where maintenance or attainment of self-

:':'sufficiency im mineral resources is concerned. COMRATE believes that the
United States will face serious difficulties in attempting.totincrease somesupplies of energy and mineral raw-materials from domestic soiNces. Indeed,COMRAT6 believes it is doubtful. whether even current levels of supply can bemaintained for all materials.

To view the probIemlnoderately, we dust draw together the_ validarguments
of both schools of thought. The overall conclusion thatohas emerged fromthis study isby no means a counsel of despair. But separate consideration
of the'complex problems involved underscores the need (1) to husband
resources, (2) to generate information in areas where it. is inadeqUatev aed '

-(3) to tackle. immediately prAnems 'where there is adequate information toform a asis for new action or for,augmenting,existing efforts., Suchactions hould always be designed to conserve resources and increase effi-ciency 1 their use.

\THE THEM OF INTERDEPENDENCE

In all aspects of the study, whether during detailed consideration of a
mi eral'or process or in the wider arena of resource supply and

demand, the 'theme of interdependence has insistently claimedattention. Ithas become ir\creasingly clear that,no aspect of materials policy can be con-
sidered in is'olation. The complex interactions within the materials cyclQthe two-way street of energy/minerals production and the'effects of both on
environmental considerations, the need for reconciling the interests of
government, industry and the consumer, and the interrelationships of nationaland international policy have emerged as'essential ingredients at every levelof policy formulation. Efforts to increase supply should be made concurrently

1'" with policy aimed at decreasing demand; technological progress in substitution
and 'recycling should be stimulated along with, not independently of, the
encouragement of a Conservation ethic.

17
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The National Research Council (NAS/NAE) has been aware of and responsive

to the urgent need. for stilly of these and related issues. In the tWo years

of their existence, COMRATt's panels have attacked selected problems in

mineral resources, aMplifying points raised in earlier reports, such as those

by the National Commission on Materials Policy* and the Environmental- Studies

Board.**

GENERAL CONCLUSIONS

Some general Conclusions emerged fronyhe panels' separate deliberations.

Although the time span for this 'first COMRATE report has not allowed all-

encompassing 'conclusions to be drawn, those conclusions that have teen drawn

have many implications for policymakers.

1. Mineral resources become available for man'g- use by a complex and '

lengthy process which, on a worldwide scale, relates intimately'(a). natural

process, (b) man's knowledge and technological ingenuity, and (c) man's

economic, social, and ethical concerns. Efficiency in use and avoidance of

waste in both mineral resources and their end products are essential to

-,alleviate immediate economic strains, and are even more essential if we are

to avoid preempting the resources needed for future generations. Policymaking

at all levels should recognize interdependencies within the materials cycle,

among nations, and among the various users of mineral commodities;.= But, above

all, we should #dopt a conservation ethic that has at. its heart avoidance of

waste and more ebficient'use of materials.

2. Widely divergent methodologies, based largely on individual judgment,

are used both in forecasting,demand for, and in estimating supplies
of,

mineral resources. There are currently no standardized techniques for making

either long-term demand forecasts or resource estimates nor are' means avail-

able to assess adequately the accuracy of the existing methods.

3. Reliable data on-mineral resources are difficult to obtain because

of their proprietary or international nature'. This affects supply estimates.

In the U.S. much imprOvemdfit is sti114:needed in the work of the U.S. Bureau

of Mines and the U.S. Geological' Survey in the collection, coordination,

standardization and dissemination of mineral resource data.

A. Definitional vagueness and numerical, imprecision'afflict discussion

and ipublications, both inside and outside government, concerning mineral

*Material Needs and the Environment Today and Tomorrow: Final Report of

the. National Commission on Materials Policy, Washington,' D.C., U.S.

Government Printing Office, June 1973.

**Man, Materials and the Environment: 'A /Report to the National Commission /

on Materials Policy by the Environment/al Studies Board of the,NAS/NAE,

Washington, D.C., March 1973.
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resources5- .The nueions of reserves al6 resources used in Ms report
(Figure 1)which were recently formulated for use by the United States
Bureau of Mines and the United States Geblogical Survey, could also serve as
a common frame of reference for all resource discussions. Units of measure
used for resources are divqrse and cumbersome. Recognizing the interdepen-
dence of reburces, commonscales for units and for quantities should apply
to resource estimates. In'addition, the gathering of resource data should
be refined and systematized, so that standard error or confidence level'
appreciations can be applied as elsewhere in the physical sciences.

e)

TOT L RESOURCES

1.,

IDENTIFIED UNDfSCOVERED.

Demonstrated

Measured Indicated , Inferred

Hypothetical I Speculative
in known (in undiscovered

districts) districts)

RESERVES

INCREASING DEGREE OF
GEOLOGIC ASSURANCE

FIGURE 1: Classification of Mineral Resources
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SUMMARY OF PANEL FINDINGS AND RECOMMENDATIONS

GENERAL

Within thd vast area of mineral resources and the environment covered by

its terms of reference, COMRATE carved out four. provinces for studyby

separate panels: 'technology, supply, the environment'and demand. In address-

ing their allottecCtopiFs, the four panels adopted approaches that,differ in

some4important respects.
,

.

Section i, the report of the technology panel, entitled Materials

Conservation through Technology., is a broad coverage of the entire area under

consideration. To,solve the problems of space and readability involved, the

panel presented an overview summary of the large body of contributed essays

on specific aspects of the topic. The contributed essays have been collected

in a separate Appendix volume which, whie it does not necessarily reflect

ultiMate panel consensus, nevertheless provideS extensive documentation of

the panel's findings. The Appendix volume; for which a table of contents

appears on page 346, is available on request. , ...j

km
,

Sections I'I and 11/--the reportsof the supply and environmept panels,

entitled respectively Estimation of Mineral Reserves and Resources, and

Implications:of Mineral Production for:Health and the Environment--are case

studies: Section II discusses supplies of the.fossil fuels and of copper as

major representatives of two categories of mineral resources. ForSection

1\

.
III, coA,was selected for exclusive study because it is a material whOse pros-

pective astly increased exploitatiOn'will raise important environMental-

questions. Both SeItions II and III are thUS illustrative of.the general

issues involved in mineral production and use.

The report of the Demarid panel, entitled Demand for Fuel and Mineral

Resources (Section IV) adopts the more generalized approach. It sets the

specific q estions of technology, supply-and environment addressed in the

preceding s- tions in the larger socio-economic perspective Of dethand for

energy, and of the implications of de6nd forecasting for bdth supply and

demand for minerals.

) Sections II, III and IV, like Section I,5are augmented by separate

r

Appe dix volumes, which again do not necessarily reflect COMRATE. or panel

opini-on. These Appendi:ces, unlike the substantial information-base Appendix

.to Section I, contain only selected inputs, whieh expand or document certain

aspects of the main report, and which may be'of use to readers,with a

special interest in following up on background data. All four Appendices are

available, separately or together, on request. A contents list of material

contained in each Appendix appears at the end Of the report. (Annex III).
.
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REPORT OF,THE PANEL ON MATERIALS CONSERVATION THROUGH TECHNOLOGY,(Section 1)

. Contents and Conclusions
40-

The report of the Panel, on Materials Conservation Through Technology
(hereafter called the Technology Panel) concludes that technology will>not
.always be capable of Closing the glowing gaps between rising denandsand
limited supplies of mineral resources. While- technology can do much towards
conserving resources, it cannot do everything. There are limits to effi-
ciency, to substitution, mill to other tecHnological responses. The Panel.
concludes that the federal government :should proclaim and deliberately pursue
a national policy of conservation of materials, energy, and environmental
\resources.

Following an introductory Aepter.outlining the main theme and listing
recommendations, the firsttpart of the panel's report (Chapter II) provides
a general philosophical and policy framework which is essential to technical
considerations, Interdependency :i's the basic theme: interaction between
socia1 'and technological issues predicating a concerted- attack by social
scientists and technologists;,interdependencies within the materials- cycle
which preclude the study of any sector of component in isolation;, and chain
reactions in international competition and cooperation. Overall conclusions
and recommendations center on a "project interdependence" involving a con-
servation ethic that specifically inclUdes efforts at efficient stockpiling
o1 both'materials and processing caPabiIities.

Chapter-II also outlints the limitations on technology imposed by
constraints of capital, manpower, physical and technigp.1 considerations, and
ti -me. An enOrmous amount of capital investment will be needed for energy
suppliesthrough ms, about 35 percent of-all available investment capital,-

_jnvestmentas cof?pared with the current 22 percent-L.distorting the whleo

-,,picture and denying needed capital to Other industries, inblUdfng the mineral
industry. Lack of adequate manpower bould be offset, not so much by an effort
to increase the total stock, as by deployment of existing manpower and
acceleration of autoTztion. %Despite an abundance of alternative ewrgy
technologies, physical'tonstraints on progress may eventually be,i7Tosed bty
environmental considerations. The Panel thereAre considers it important
for the Government "to develop -, publish, and. ppdateidata on the energy and
pollution consequences of recoverinevaluet from li4ted reserves and re-
"sources." The time constraints, the'long lead-times invo -lied in effecting
technological substitution, lead to, the conclusion that i general it is
dangerous to rely on thenpr+pect f-immedi te technolog

-should be undertaken to provide lcy g-term nsweIrs in th, short-term,,
need is for redeployment and rear ngemey of/existing technology.

/

The report goes on (ChapteilI d cuss technol4ical opporfUnities
i / i ri

.

h

ih the materials cycle to offset ag s/ Th chapter reviews th tacti-s
for science and. technology consi wTth fheth-ene-Ldevel-aluelet in apter II

4 -
\11/49f the. necessity for conservatic i the materials-energy-environ ent sy tem..
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?Under the headings of Energy Sources, Pollution Control, Mineral Exploration,

Mining, Benefication, Primary Metal Production, Recycling, Product Design

and Substitute Materials, technical activities already being,pursUed to this

conservational end are endorsed and new or.intensified efforts are recom-

mended. 111e identification within each topic of specific technological

opportunities to, counteract shortages is amplified;by-detailed treatment in

the Appendix 'to this section. (See Table of Contentsof Appendix to Section

I; p. 346.)

RecoMmendations

1. The TeChnology Panel recognized needs leading to Z2

potiy recommendations, primarily for Federal Government action

(she p. 1'7-18). The major emphasis of these recommendations is'

that conservation of materials through aZZ their cycles, involving

extraction, use, reuse, and ultimate discard, is essrtial, as is

careful consideration of energy needs and envir nmental conse-

quences of these cycles. Examples of these ok iled recommenda-

tions are (a) to establish equitableinter?ational agreements

for sharing of natural resources; (b) to create national stockpiles

of vital materials; (c) to provide federal 'support' for manpower
\

lulk

training and' education and for automation in the materials industry

* as a means of increasing efficient production; (d) to establish a

capacity for long -range forecasting of materia. resource supplies

and for predicting the energy needs and environmental and social

consequences of developing these resources.

2. The Panel has also made a set of 40 recommendations in

nine specific areas of minerals and materials technology, reflecting

the policy recommendations and applying them to all aspects of

energy and materials production and use from exploration.through
production, application, and final disposal. (.See p. 20 -23.) The

a
reciomendations concern the possible applications of present and

future technology both to more efficient use of known supplies

and to the reduction of demand rough substitutiOn; conservation

and recycling.

REPORT OF THE PANEL ON ESTIMATION OFAINERAL
RESERVES AND RESOURCES (Section II)

Contents and Conclusions

J

e Panel on Estim ion of Mineral Reserves. and Resources (her after

cal ed the Supply Panel, addressed itself to current methods of estimating

min 1 reserves and re ounces and the quality of current resource estimates.

At a/time whenithe adequacy of mineral supplies to meet future needstis

oncern is growing over the increasing dependence.of the
A

being question d and
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United States on sourceS of minerals abroad, it is essential that the best
possible estimates of reserves and, resources of minerals be available. Such
estimates are a first and necessary basis for.national policy with regard to
minerals.

The panel reached ,two general c9nclus?On1 on the necessity of improving
estimation methods (see p. -77-78):

. -

1. A major problem confronting attempts to improveestimates is the
difficulty of bringing into the public dOmain proprietary information gathered
by private organizations. Bringing, such information together. with-that
available from government files, without. negating proprietary values, would
enormously facilitate the maintenance of a running invetitory...Of resources,
and greatly increase the accuracy of resource estimates. /

2. A second deficiency of current resource estimates is their nadequate
rec nition of the economics andpOSsible rates of mineral production. Esti-
7rtio 0t° resources in the ground should be supplemented by engineering and
economic studies of factors influencing rates of-production and processing.

Reserves and Resoift.ces of Fossil Fuell, 9

World resources of coal,arelarge relative to current energy'require-
ments:. Resources appear adequate for hiindre4 of years, even at considerably
expanded rates of prod ion, but world distribution of,coal.is uneven, the
principal deposits bet in China, fhe U.S.SJ2., and tite United States. World
resources of petrolm and natural gas are more limited and will be substan-
tially consumed by tlr first -.quarter of the twenty-first century if world
trends Of production ; and consumption continue.

UndiSco 41,44e recoverable resources of oil and natur -14.?4gas,,,' onshore and
offshbre, in e United States includihg Alaska, *are co siderably Smaller'
than indicated figures currently accepted within governMerreircles. In
the judgment of th- anel, the figure approximates 15 billion metric tons
(tonnes) (113 billion rels) for crude -oil and Natural Gas Liquids (NGL) and -

15 x 1012 cubic .meters (531 1012 cubiC feet) for gas.* (S6e pp. 87-91.)
A large increase in rates of Um d States production of 'petroleum and natural
gas is extremely unlikely:

Both world and United States,i resources Ppe0trole, in oil shales and .

tar sands are large, but many teehnical, econo c, and environmental prftoblems

must be resolved before Significant rates of pro cti,on frbm these resources
can be achieved;

0415/4,,c1,410.1

*U.S. consumpxion of'oil and NGL for 1973 w
natural gas was 23.4x1012 cubic feet.

1 23

I

billion barrels, and for
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The report recognizes the enormous value of petroleum4as alsource of

energy in the medium term, ill view of the lead times Of a decade or more

required to deNielopalternate sources.of energy and hydrocarbons. The report

also stresses the/importance of petroleum as a 1png-term sour of chemiCal

. raw materials. ncl4sions based-on these findings are tha .S. independence

from_ external sourc s is essentially impossible On thla ba sof increased

production of petroleum 'ing the next decade, and that strong_ emphasis on

Conservation is necessary.

Reserves and Resources of Copper

The reportconcludes.that an ore-grade of about 0.1dpexcentcopper rep-

resents 's.aLpoint beyondwhich mining and recovery of copper is unlikely to

proceed. The world's copper 'resources above this grade are on the order of,,

x.1010 tons of metal, and_approximateli 3 pOrcent'of this totalfhas al-

ready been mined or blocked out as mineable reserves` in currently worked;,

deposits.

United States reserves of copper-are at least 80. x 106 tonsof/metal,

approximately 40 times current annual consumption of new copper, but addi-

tional discoveries at a' significant rate willbene*ssary if the United
.

'States production rate is to be maintained until the ea of the, century. The

Panay-s-recommendation for copper, therefore, concentrates on the need'o

aid and .stimulate effective domestic mineral exploration and production.'

World reserves of copper are large, and world'supply for th'e remainder of

the century will depend primarily on creation of, additional mining and

smelting capacity.

Recommendations

Reserves and Resources of Fossil Fuels

1. E:StiMates of proved reserves and undiscovered resources

Of petroleum and natural gas indicate that a Zarge increase in

annual production from conventional domestic sources is extremely

un1-4kay. in view of this and the importance.of petroleum as a

source of both energy and chemical raw materials, and because a'

decade,or more wilf be required for large-scale velopment'of

alternative sources of energy and. hydrocarbons, weecommend

that policytowardthe use,of petroleum and na?ural gas place a

strong emphasis on conservationig

'2. A very large untappeoidomestic petroleum resource, which

could be as large_as ZOO billion barrels, lies in partly depleted

oil reservoirs, and reservoi24 no longer capable of production

using present technotogy. We thei;efore recommend that research

ro
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and development to increase the recovery of petrOleum from
oil'reservoirs be'pursued vigorously.

Reserves, and Resoutces of Copper

1. The ova-I-lability of copper from domestic deposits during
the remainder of the century depends to a-enificant extent on
success in dicovery of new domestic copper deposits. We recommend
that exploration for copper be stimulated, and that means of
,improving the, effectiveness of exploration be investigated and
supported.

2. Copper resources in manganese nodules on the floors of
the deep seas are apparently as Zarge as developed reserves in--

* conventional 4posits on land.. Because there is uncertainty as,
to the ability of the United 'States to meet demands for copper
from,domestic sources, we recommend that deVeloping the recovery
of copper and associated metals from- these nodules be encouraged
with due regard to the potential.impact of undersea mining on
the'enviroAment.

. REPORT OF THE PANEL ON THE IMPLICATIONS OF-MINERAL PRODJCTION FOR HEALTH
AND THE ENVIRONMENT -THE CASE OF COAL (Section III)

Contents and Conclusions

The probable key role of coal in-the-future 'energy needs of the nation
is well established. Consequently, the large increase in coal production to
be expected makes consideration of potential environmental impact imperative.

.

The Panel on the Implications of Mi'neral Production for Health and ithe
Environment (hereafter called the Environmental Panel) has therefore con-
centrated on some important environmental problems associated with coal
production and use, focussing on human health and safety and on certain
impacts on the ecological system as a whole. No precise dollaf values cdnbe
placed on the damage of such impacts, but it is clear that they are poten-
,tial y large tnd impOrtant both in themselves and in the ,general issues they
rai e for minerals policy.

Two important health effects were considered: Coal Worker's Tneumocon-
iesis, with its enormous attendant costs, and the pulmonary effect of air
pollution on the public at large. Particular attention was-paid to recent
evidence on emissions of sulfur oxides and their subsequent, conversion to
particulate sulfates. The conclusion was reached that current analysis and
clean-up methods, in concentrating on larger particles, may not be approaching
the problem correctly., There is evidence that smaller particles may not
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only be more harmful to heal but are also an4important contribution to the

oxidation of S02:to sulfate, 'a..rids further, to acid,rain, ,a matter of increas-

ing ecological concern where 'further, research is 7arranted,

gelperal conClusion of the- Apor. i$ that monitoring is inadequate,
-

and that Tunds'for the study of environmental impacts of fossil fuels should

byincreased. .

FU

Recomilendations

m

Mine Health and Safety , ,

Aq
.

7., The expected large inerease iv, numbers of miners makeslb

..,

urgerit the need to overhgUl methods of detection, diagnosis; ay
compensation for Pneumoc'oniosi$ in the nation's Black Lung

Disease program,
, .

r

2. Because most coal mining accidents inv,olv inexperienced

'miners, it isl',recommendeceothat a comprehensive pr - entry train-

'ing program be mandatory for the influx of miners expected as

a result of expanded production, supported by ongoing training

of working miners. . .

L
Public Health - O

In view of the effects of sulfur poltuVrAks, and especially

of the associated acid rain, on the ecology health of the

nation, the'Panelfstrorvly recommends: "00

1. studies (aided by a national monitoring network) of the,

cycles, interactions, and chemistry of sui'fur end its compounds

from emission to absorption;

2. the redesign of protection standard and'attendant

sampling systems because,current sampling systems do not %.
proper'ly reflect hob; sulfur oxides and sulfates do "`their,

damage; and
A

a

oxid3.
immediate develOpment and installation of sulfur

es removal equipment in current sulfur oxides-emitting
operations, development of c eaner fuels; and the acceleration

of more efficient processes twill reduce the overall

emission of sulfur oxides.

el

26 a

s1113."
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REPORT OF TILE PANEL ON DEMAND FOR FUEL AND MINERAL RESOURCES (Section IV)

COntents and Conclusions

P
The report ofthe Panel on Demand for Fuel and Mineral ResOurces (here-

after called the Demand Panel) addresses the problem of demand for mineral
resources and the significance of demand forecasts. The reportpoints out
that national obsession With expanding supplies afises from the dramatiC gap
between projected demand and projected supply. But acceptance of the exist-
ence of this gap and, of the need to close it-A-through expanding supply-pre-
supposes both that the demand Projections are valid and 'immutable and that
demand can be neither stabilized nor reduced. As a consequence oe such a.'
supposition, demand projections can become self-fulfilling.

The report challenges the credibility of the projections and the assump-
tion that they are not susceptible-to change, and.strongly emphasizes_the
potential for influencing, demand through the. market mechanism, thrOugh
and throUgh technology. Th'SkTotential, in the Panel's view, has been
neglected relative to thpt for. influencing supply.

t

The report first'reviews the'state of the art in demand forecasting for
mineral resources: This is important because assumptions about future demand
area. basis for poli y decisions; and, since demand forecasts can'be self -

fulfilling as nclipd ibove, it becomes essential that their conclusions-be.
substantiated. The anel therefore commissioned a bibliographic review of
forecasts'for'energ demand as a starting point for its own general analysis
of the kind of assume ions and methodologies-tha have been influencing
policy. (The bibliog aphic review is presented

. the separate Appendix
volume to this 'Section.)

--General conclusions reached on the state of the art (Chters KI and
"XII) were that orecasting techniques are, in general, relatively primitive
and that therLi need for improvement in terms of definition, aggregation,
correlation Sit .supply forecasts and sPecin. tion of data. 'The demand
panel has concluded that inadequacies in thes respects have apparently
created a tendency toward upward hips that exaggerates demand. This Contras s
with forecasts of a decade or so ago that tended to underestimate demand
because they did not appreciate the effects on demand of relatiVe declining
prices. Such relatively declining prices, however, are unlikely to recur.

The bulk of the report (Chapters X.I1,-XVI) examines sources and ,compon nts
.'of errand structures, first, to .provide material for improving,forecasting,

and second, to identify areas:of demand susceptible to policy. Specifics
col onents dconsiaere ale: GNP, population, consumer response to shortages
an.price changes,.independent social changes, and the accounting of hidden

/

co ms in the price of minerals. :Chapter XVII 'suggests-applications of the
f' dings of the study as a whole to developing designs for future forecasting,
s ressink the immediate need fdr shot -term forecasting on the one"hand and
f r-resea,ch into long-term projecting on the other.

.
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The panel's conclusida that study of demand for resources chin readily

be neglected because of historical emphasis on increasing supplies, led to

its recommendation in Aigust 1974 that the Commission on Natural, Respurces

of tlhe National. Research Council establisb.a Resources Demand Board'to

focus research on this demand component as a po'licY variable. The contri-

, bution of this panel's_report has been a delineation of the major proble s

facing demand-policy, An terms pf inacleOrite information, inadequate4d clop-

mjnt of forecasting ?echniques and inadequate consideration of means ..or

influcnciiig-oiemand. The scope and magnilude of the-issue of demand for

repurces has confined the panel to identification of the problem and to a

very general indication of potential directions for further study .and,

ultimately, policy. It'is hoped that these generdlfindings will provide a

/ founda0on for the detailed research and specific rec mmenqations of a

) Resource; Demand Board, on such issUes as means for inproving forecasting,

the_effects, of price changes, governmental regulation, and secondary effects

of changing market responses to restrictions. The establishment of such a

Board is currently'under consideration.
.

In the mearitithe, the panel's own deliberations ha've enablsed it to come

up with some general recommendati.ons which could be%followed up. immediately.

These are given in detail in the concluding chapter of Section IV; w,hich.

endorses the need for a conservation ethic emphasized by tie Technology and

Supply Panels, and lists recommendations for integration and analysis of

information and for policy directed towards reducing demand. These are

summarized below.

/ I

Neede

-

arch and Its use

1. Collection ,and

-Recommendations

aipsis of,infaumation'on demand

response/to price, income, shortage and airniZar matters, should

be under/taken. N

Technical ability to make more acdurate and

long term forecasts, using this information must be Improved..

A governmental instrumentality should be estabZished

to encourage and make use of the studies recommended in 1. and

2.

National. Policy

-/ 1.. All federal policy actions and ZegisZati n, existing

and proposed, should be modified or designed to m ve resource .

use demand downwards, mainly through the market me hanism.

.1
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2. Procedures for compensation to segments of the society
under adverse effects of resource shortages or price increases,
or both, should be ulesigned to alleviate these problems.

3. Education, publicity, and similar campaigns should
be instigated vo lead the nation towards a strong "no waste
ethic."

\

2.5
Q.

' \
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,CHAPTER I-
INTRODUCTION TO SECTION I S

r s''

7

e'rtsi

Faced with growin strains between the supply of mineral resources and

the demand for them, soc ety reacts in two general ways: (1) it assumes that

economists and legislat rs will be able to manipulate appropriately the socio-

technical environment an (2) it assures that technology will be able to

relieve the strains. Ai Section is ncerned, primarily with the second°

reaction. T The problem of imbalances between supply and demand is addressed

in. the context of the total materials cycle, and ways are sought in which -r

technology can increase the supply of needed materials and reduce themand
for them, or both. The theme is how technology can contAbute to conservation

of the earth's resources of materials and energy'e0d maintain "its environment.

The Panel offers no universal panaceas that will anish the problems,, but it

proposes steps that should move the nation in the ight direction. Though

technology can do much to conserve resources, it ca not do everything; and

furthermore, what it can do tikes time.and involves any sttps.

tt

,_)While Section I is basically concerned,,with technOlogical issues, these

,cannot be divorced from some broader. concerns which areeviewed in Chapter

II, and which lead to certain policy recommendations thAare principally

nontechnical. Chapter' III covers the recommendations for action by the

materials .technology community and its sponsors,.and addresses salient

issues at various stages of the materials cycle. The Whole of this panel's

report, both, technical and nontechnical, summarizes more detailed studies

and inputs from panel members an4 conferees. Many of thae are included in

an Appendix to this report, a separate-document available on request to

those with a special interest in following, up the conclirisions,presented herb.

A Table of Contents for this Appendix is given on page 346. ,_

SYNOPSIS OF RECOMMENDATIONS

k Policy Recommendations

he recommendations are not ranki0xdered, but the keynotes given

in polic recommendation 5. The federal agenCies,.departmentsiand other

17

31

fro
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units to which we believe these policy recommendations are most pertinent
are indicated i\n Table I.)

We recommend that government bodies and o...hdir'units concerned with
matters pertaining to materials ands other natal resources take the follow-
ing steps

. /

\ .

1. obtain the irncerted advice of/t chnologists. and
social scientists 0

2. take
4

a systems approach to. /materials cycle and the
materials-energy-env,ironment system

3. .se k equitable international agreements concernin the
exploitation- and sharing of material .resources

4. practice stockpiling of materials and of th/ technology
forNcquiring them from domestic sources

5. pursue a national policy/of conservation of materials,
energy' and environmental resouraes

6. facilitate industrial cooperation to minimize waste of
natural resources

7. find ways to share the scaleup costs of materials
technology in areas of high risk or delayed payoff

8. endeavour to, increase the amount of.erained manpower
available to the materials industries

suPpbrt an intensive' program to develop automation for,
the mdterialq.industries

10. sponSor intensive studies of the effects of waste
heat and poi-1u*. s on climates and. ecosystems

11. develop data giving the energy and pollution conse-
quences of recovering values from ores

12. create an institutional capability for long-range
forecasting of materials issues and taking appropriate actions.

3T
rt.
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Technological Recommend, ions

Energy

1. Prime emphasis fslrzouid be on ways to conserve energy.

2. ttention shouldke pgidto assuring adequate supplies
of certay materials crit cal to power generation technology.

Pollution Control

Work should 1)e1supported

1. ,developing,developing bodies f generalized design information
for.pallution control syste

2. developing basic c ntroZ technology for nitrogen
oxides'emitted from combustion proCesses

3. finding uses for su fur and sulfur by-products

4. determining the effelcts of, pollutants on biological
systems and developing instAmentation necessary for such "'
studies

)5. "investigating the of ects of concentpated, large heat
and,moisture reledses'on locall and regional climates.

Mineral Exploration

1. Research should be intensified on finding improved
Methods for mineral_ exploration. \

Mining

Oceds for new or intensified research includj:

Z. the development of improve methods of rock cutting
and tunneJboring

P)- 2. the development of automa ad mi4ing techniques

3. determining the environmental effects of deep-sea
a

mining.

3

61,



21

.4. :exploration of the capabilities.of in situ,leaching
as air ping process..'

Beneficiation

Intensified research is needed on:

1. ways to obtain greater energy efficiency in rock
.crushing and grinding

.

-2,____finding methods for improt'ed mineral recovery from

.fine powders. -'-'-

Primary Mbtal Broduction

1. Research should be intensified to find extraction
processes with greater energy efficiency and better\pollution

contrQZ.
,

2. More research is needed on processes for more compete
recovery of metals frbm complex and refractory ores, and of
metal by-products now Zost to waste streams.

3. The symbiotic dvantages of industrial complexes'for
materials should be explored.

4. There should be more emphasis on finding methods of
direct processing fromipelt to stock shapes.

Recycling

Aspects calling for pew or intensified effort include:

1. developing economic uses for mine wastes and tailings

2, developing hwtter"automed, methods for collecting, sorting
and segregating municipal wastes)

3. recovering matema values from buildings'at the end of

their useful lives

4. methods of separating various classes of materials joined
to each other in junk equipment

5. processes for separating intimate mixtures of metals into

their component elements

7

.35
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6. means of repurification of degraded alloys as welt' as
finding uses for, which their'properties are suitable

7. finding satisfactory methods of reclaiming values from
composite materials

8. methods 'for sorting plastics and recovering material
and monomer values from them

9. methoda_for recovering values from glass and ceramic
wastes

10. finding incentives to encourage the collection and
processing of wastes.

4a, Product DeSign

_
....,,,,

1. A set of principles of product design for Jcilitating,
material recovery at the end of'the product life should M
developed.

2. Research aimed at understanding and improving the, ,

Performance-limiting properties of materials must be adequately
and steadily supported.

.3. Products and structures should be designed as far as
possible to performance and conservation specifications..

Substitute Materlhls
a

1. Substitutes need to be found, in thdir major use
contexts, for the following unique materials:

Helium

Mercury'

Asbestos

*2. Substitutes teed tq be found, in their mayor use
contexts, for the following specialty metals: s

Chromium

GoZd

0'

ti
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Palladium

Tin

3. The need for substitutes should be assessed for:

Antimony

Tungsten,_

Vanadium

Silver
A).

Zinc

4. Ways need to be found for extending the range of useful.
ceramic'and glAss materialp and processes for making them.

5. Research to extend the range of performance properties
of plastics needs to be intensified.

6. Economic processes. .for obtaining feedstocks for plastics
from forest and vegetable products need to bo found.

y

'7. Research needs to be extended on,finding ways to grow
moreuniform, defect-free wood, uses for wood,scraps:,and
improving the durability of wood products.

8. The range ofilJindustrial Composites, particularly those

,made from more abundant materials, should be extendeci.

FEDERAL ROLES IN STIMULATING TECHNOLOGY

.
"...it is recommended that the Federal Government
proclaim and deliberately pursue a national policy

o conservation of material, energy, and environ-

-mental resources..."

Many of the conclusions and recommendations which follow implicitly or

explicitly involve the Federal Government in the role of stimulating materials

technology. While we believe that thei)rivate sector should retgin'the main

responsibility for developing technology, federal participation is often not

only inevitable but necesary, 14-rhaps even desirable) The effectivenesslof.

.such participation, lio,ever, depends critically gpon its mechanics and,

perhaps even more, on the spirit with Which it i'S-undertalcen. Four especially

- important roles for the Federal Government are disckissed below. -,

o
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Broad, Gulidance of the National Economy from an Era of'Material
Growth to One of Material Conservation

Growth in the mater al-sense has been 5o long a bedrock of conventional
economic wisdom that it ay seem heretical to suggest thatit will be less
valid' in the future. Bit our study strongly suggests thatl, for purely physi
reasons, at least the aterial consumption part of the economy-Will increa
inkly encounter limit' to growth. Material economics follOw S-shaped cu' es
more nearly than ris ng exponen ials. In our view, national policies hort-
ing, and based on, 'ver greate growth/rates in the material' economy, ill

'become increasingl short-sig ed_and inconsistent' wit human_aspirations.
A traditional dri ing force r the national.growfh/ethic isto-keep'ahead,-

. of foreign comp itors, just as it is traUtional or domestic- competitors
to use growth .s'a measure f their relative success.;' But it must'be
recognized th t other cou tries_are on S-shaped curves too, and that-
comparisOn, he net abu ance of resources enjoyed by the U-S, shdiad ensure
for it, a c tinued str rig position in world-wide economies. v,

, .

Guafdianship of the Environment an
Effective Utilization of Materials,

imu fation.of More
Energy

.

The Federal Government is already moving 7strong % number of ways ,to
implement its role of gUardianof onmentwhi to live and werk.
RegOlatin and the setting'-of stanctis-Are...*eY elements in the;4egeral
and are likely to become even mate sow as that:-role is extended to embrace /
energy and materials: /A§' recent events have shown; hoWever,-the-methods of
technology forecastini and assessing the Conseqi:lentes-of technolagical
velopments leave much to be desired. Clumsy, hasty ox_auer-zealous regulation
,or .ytandard-setting can prove more injurious to the economy, the environment,
and the standard of liv\ing of the individual consumer- than,the condition they
were intended to correct.' Often these unintended injuries appear to stem
from political or economic decisions taken on the basis of too' little consul-
tation with-the technical community'and too myopic a view of the intrinsic-
time scales. We see it as vital for futdre-prosi*rity_for_such decisions to
evolve out of effective, collaboration among government, physical-se-dentists,
engineers and social scientists. At the same time it is imperative for-thgse____
various disciplines to learn to work together.

StimUlation of Transfer of Technology Out of the R & D
Phase and into Commercial Use

There is li tle evidence that the federal government can' manage an
-- industry more efficiently or wisely than the private sector which is familiar

with competition in:the commercial market-place and in meeting the needs
and wants of consumers. Given adequate support of R & D itself; the biggest
need for new federal help is in the sensitive, risky_stages-76f'technology
transfer from-the R & D phase into commercial roductien. The help need not
be direct financial aid. but incentives that Wi make it more attractive to

J
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private industries to accept the risks. A variety f fiscal, legislative, and

administrative incentives should be experimented with, but this subject falls

cope of this report. An important area of concern if resources

_-,are to be cons'ervedythrough more efficient industrial organization concerns,'
the-freedom of different industries to cooperate, share risks, and do systems

'planning in an.orderly way. It must be recognized that the more complex and
ramified the field of technology the more the need for a systems approach

which in turn requires unified responsibility:

Regulation of .Industry in the Public Interest

If the energy'
intervention-can be a
the probl ms of materia

:7,-the mays in whi

quite It
in the
lation egi lation, or whatev

,a broad framew for individ

Su6Onatters as"po es, maj
specifications need to
pa$i
sist

/mOul
sou

/ Fe

nd environmental fields are any guide, increased federal-
icipated in the materials field, not only because of.

ply and demand themselves but also because of
teract with energy and the environment. It is-materials

ly, also, that ca4sumer demand will require some federal regulation

ure. To be successful federal intervent4on-ywhiiner it be by regu-7
r, should aim at creating opportunities within

al and__ Q6rporate, enterprise, not stifling them.

r nnological objectives, and performance
of ed out more cooperatively with-the affected

s in full cognizance ofthe time ta n to, develop new.techniques. Per

cc with the curr t end which tends to keep apart industries that

make/natural p trier- for increasing the effective use of natural re-
',,-cesand reduci insu is to the environmen , and which often casts the

eral Governmen in an adversary role agains each of the major 4ndUst.rial

vganizations, is likel to leads-to wastefill and duplicative rather than ton-

/iStructive competition,/ and,-to squandering rather than conservation of natural

esources. The traditional picture of the lone inventor, the CourageouS -9

ill.hdld true for relatively dis.crete,simple,prolucts
ept of entrepreneurship requires considerable modification
complex system such as the materials cycle and its. iiiter --)

e ergy and the environment. Again, as recent evonts /have shown;/

dr/
st be allowed adequate profits in orde o invest ;in R & D and

he venture capital needed for succesf, 'technology transfer
ation (which usually means keeping,prices unnaturally, even puni-

tively low) may buy consumer goodwill in the short term bit atthe expense

of long' term ability to provide the goodS and services jthat/consumers-wirl,

continue to expect,

entrepreneur, may
but the W-hale., on

when applied to
_________actions with

indihstrieS m

to attract
Price reg

a

J
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CHAPTER II
BROAD CONCERNS

N A NN
ti

O

-

/,,,' Until very
e

recently, materials, the stuff that things_are'madell4Alth,:
/have been very much taken forlgrantedby the av rage citizen. He has7tended
_to,accept. without question that for whatever adget, device, structure, or"

-0machine hekwanted to have, or construct, th necessary materials would be
available"at an acceptable.priee,- This c y s ate of confitdence has now been
shaken by,several recent events which have ha .niversally felt effectsthe .Zlig
oil_ shortage, electricity brownouts, beef and/wheat/shortagei-and, it is riot .
inapprOriate to add , incidences of overloading,of service Actors such as

,.1telephoner
r

communications and_roOway capacity,- Nowadays the average citizen ` _
4)

asks whether futUre supplies will be-adequate-to meet his needs for steel,_
for 'water, for energy, for concrerd, in fact, for every materia.----

P
g4' Some of the economists and other analysts attempA4g foreca &ts of future

,

,

material supply and demand situations also seem to have fallpn into the same .7,7
R

state of complacency; this isparticularly true of those who would base .

their predictions ,of the future very much on extrapolations, no matter how
elegant, of the /past,', Such projections work best when based on the assuirip-
tiOn that ,there is esseritially;an inexhaustible source of materials' and other
factors -- population, usage patterns, fashion, product development, etc.--are
the prime determinants of the scale'of onsumption. But this pays no&heed
to the fact that the earths resourc are finite. The abunda ces of the
materials available in the earth y enormously but man's.pattern of con-
sumption rates bears little res) lance to the aburidance patte n. ,In con-
sequence, man faces the prosp 'of a Series,of shocks 0 varying severity

ti a,.,s shortages occur in one ma erial after another, with the first real short-
ages perhaps only a matter of'a few yearstaway. FroM-7a practical viewpoint
the minerals than uses will not all be,exhaustedo.at,bnce. Their occurrence, in'
the earth':,s crusts/gubject to almost infinite variation of concentration
and accessibility. Man's needs 'ary in quantity and substance from generation
to generation, but the trend is/ always lipwarA2 In _contrast, the rate at ., 47.

which, new discoveries are made, and the reserves.remaining imIthe ground, in
the course ofOtime, Arend downwarar,

t" ',.
t-"

.

v
An

I?t '07 , h ' ''., a 4,,)
t

''As the, prospect of materdls'shortages gradually dawns on man he tends to
assume, Ar ditionally,. (1) ''hat technology will find:the answeit,-and (4)

al, ,
thatAconomists.and,legislaters will be able t,p, manipulate the socio-technical -

"A
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environment so as to alleviate any strain that the shortages would otherwise

cause. 'Faith
as much blame
And under the' r
the abilities of

in boWl expedients"ds weakening. Technology often seems td be
for present predicaments, as regarded as a potential saviour.
lentless pressure of inflation, the average citizen dodbts
conomists and politicians to manage the eco omy.

In a free economy supply and demand are supposed to track each othe
closely, w:dh pris.e, being the mediator- -the classic picture of a -free market

economy. And because materialS are so world-wide in their ramifications,
then in the absence of effective world-wide control -s the price mechanism of
a free market economy will operate globally. No industrial supplier of

materials is.going f4 increase his plant capacity beypd.what.he believes
the 'market will need, if he is managing his businesif all effidiently.
-Conversely, if demand is exceeding current plant capaSity to supply he will
.try to increase his plant.' So, with such feedback systems' in operation,

supply and demand oar., a sufficientlyZarge, commercial base and over a not-
too-short time 'vale wilf track each other closely provided that the basic
resource, the amount of material available; does not .become the limiting

factor. Under these free market economics, any'shortages that occur drive
the''price up until demand and supply are again brought into equilibrium,
principally by tapping new, marginal sources.

However, demand for material's tendS to be highly inflexible because

large investment in capital equipment and labor force to convert materials

into products requires a stable supply and cannot tolerate a shortage, while N,

inventory building to create a reserve is prohibitively. expensive--especially
when interest rates are high. Then,. rising prices tend to motivate the

opening up of lower grade reserves by marginal. ompanies. But moving to

\
lower grade ores tends to require moving larger tonnages so that productive

capaCity rises disproportionately with demand; driVing prices down. Unfor-

tunaiely, also, there is a"substan?ial time lag in the'opening up. of such

new marginal deposits and usually considerable .investment has to take place.

Then, when'relative.stability has been achieved some-event may cause a
drastic downward change in the demand pattern.

Thus, the high flexibility plus tim6 lag of raw material production

Coupled with the low flexibility of. induttrial demand and 'the cost of money

make materials highly Unstable:a.to-priqe. The free market economy balances

materials supply with demand but onlyson a long time scale within which many

people can get "hurt."

III practice, attempts are often made to cushion the more severe results

of free market economics throe h various forms of price control. But, the

effects of price controls faMunequally on different commodities-and differ-

ent life styles. In a world:Wide market system, any price control or any

additional taxes (perhaps for Vnvironmenpl puxposes)applied locally, as by

one mation, for example, carp only generate, sooner or latpr, compensating

reactions elsewhere in the system--black' markets can develop as'a reaction to

prohibition, boycotts, or other legally-imposed controls. Many industries

can shift to otherrcountrie4with lower costs if taxes or labor rates become

4.
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excessive. The,occurrence of'compensating reactions is a. reminder, as will
be apparent repeatedly in this report, that an overall $ystems approach has
_to he taken with the materials field.

The appro9ch taken by this panel is to start by lookingmore closely at
the physical iWts to matoridls supply and demand and to derive some cen-,
elusions' as to how technology can best be deployed to alleviate"foresecable
diffiCuities.' 'TeChnology can be appealed to for increasing the materials
supply and reducing the demand and our interest in this report is to attempt
an overview. of where technology can be ekpected to help in both of these
-directions.. But as we shall indicate, we believe there are'some physical
and practical limits which may well, in time, determine the standard of 4
'living available to the world's population.

RecommeVation 1. It is reccimmended that agenes, de-
partments,and other government bodies concerned with legis-'
Lati.on, administration, and regulation affecting these areds
ensur at all opportunities that they seek and consider the
(.,oncertoci advice of technologists and social scientists. This
is import it: particularly because of the close interdependence
of technol qical and societal issues relating to natural resources.

THE TTERIALS CYCLE AND THE MATERIALS-ENERGY ENVIRONMENT SYSTEM

The COSMAT Report-(NAS, 1973) has described how all materials move mania
total materials cycle (see Figure 1):

"From the earth and its atmosphere man takes. ores, hydrocarbons,
wood, oxygen and other substances in crude form and extracts,
refinds, purifies, and converts them into simple metals; chemicals,
and other basic raw materials. He modifies these raw materials
to alloys, ceramics, electrOnit materials, polymers, composites,
and Other compositions to meet performance requirements; from
the modified materials he makes shapes or parts for assembly
into products. The product, when its useful life is ended,
returns to the earth or atmosphere as waste. 'Or 'it maybe dis-
mantled to recover basic materials that reenter the cycle.

The materials cycle is a global system whose operation
includes strong three-way interactions among materials, the
environment, and energy supply and demand. The condition of.
the environment depends in large degree'on.how carefully man

- moves materialsthrouglyhe cycle, at each stage of which impacts
occur."

Materials traversing the cycle incur energy costs at each stage. Indeed,
the intimate'interaction of the materials cycle with energy warrants urgent
attention in view of the present reality of energy shortage and the future
prospect of materials shortages. As we proceed around the materials cycle

c-)4 4
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we see energy inputs required to win metals from ores and plastics from

crude,oil, to work and shape metals, ceramics and plastids, to assemble 'con-

fponents and systems, to transport goods at all stages of production, and to
operate the final product in the hands of the consumer. Then we begin to see

energy dissipated as metals corrode of rust, asplasticsdegrade; as th.e
product-is discarded, [Ina as-the trash in the sanitary landfill returns to

the low-energy "naturaPostate/

it cannot be emphasized too strongly that because of the intricate web
of interconnections in the materials cycle and in the materials-energy-
environment system, an event in one part of the cycle or. system can have
repercussions throughout the cycle or system. Research and development can

open new patt around the. cycle with concomitant effects on energy and the

environment. For example, development of a magnetically-levitated transpor-
tatliOn system could increase considerably the demand for the metals that might
be used in the necessary superconducting (e.g. niobium) or magnetic (e.g.
cobalt) alloys. Widespread use of nuclear power could alter sharply the con-
sumption patterns of fossil fuels and the,related pressures on transportation

systems.

The Materials cycle can also be perturbed by external factors such7as

legislation. For example, environmental legislation requires extensive
recovery of sulfur from fuels and from smelter and stack gases; by the end,

of the century the tonnage recovered annually could be twice, the domestic

demand unless, as'is most likely, new markets are found for the sulfur-as

4 surpluses drive its price down. Again, safety legislation has made it

necessary to install stronger doors, crash bumpers, and other.equipm9t-on
automobiles, thereby increasing! their weight sharply. This weight increase,

in turn, has caused a sharp increase in the cdhsumption,of gasoline, a\

significant contributing fac'tou to the current gasoline shortage. One res-

ponse by the ,automobile designers is to seek ways of saving weight in the

car, one obvious path being to develop aluminum blocks to replaceithe tradi-

tional steel engine blocks. But this substitution, in turn, would require a

significant increase in plant capacity of the aluminum industries and asso-

ciated increase in the electric power required to refine the aluininum. And

so on, to say nothing of the related changes in employment and other personal

asQ4ell as economic aspects. The perturbations resulting from legislation

clearly can lead to instability in the economy; good legislation should tend

to moderate rather than increase instability.

But in addition to recognizing the various repercussions that\ can result
n;

from seemingly straightforward developments in technology or we 1-Meant

legislation, it is equally important to recognize that these re ercussions

take time to propagate. The "incubation period" for a new mater product,

or technology, during which an industrial effort is trying to establish for

it an above-critical share (e.g. 5 percent or more) of the market, is usually

at least 10 years. The subsequent growth period in which the substitution
is becoming more and more complete may take another 10- or 20 years or more.

It is worth noting that the desirability or otherwise of the_new technology

45
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,

will genet:ally show up in this growth period. What is needed is a reliable

method 6f predicting these consequences during the earlier incubanon period.

'Finis, there Is a vital need to develop the methodologies of systems

approaches Tor the materials cycle and the materials-energy-eliviroNent
system to take into account not only the various levels of repercussion but

the time factors as well. ,such approaches are starting as witnessed by the

econometric studies of "Limits to Growth" and the setting up of a 'CongreAs-

ival Office of Technology Assessment, to name hut two highly visible indi- .

cators. But there is a. need for considerable refinement of the tools and

techniques emplOyed, including putting the vari,ous interactions, both direct

,anc- indirect,, on as quantitative and'objective a basis as,possible The

me,bodologies of technology forecasting and assessment arc still in their

infancy but they will play an increasingly-important role in otpimizing man's

use of the materials-energy-environment system. Butalways it must be ,

realized that technology can do much but not everything, and what it can do

takes time. Hence, not only forecasting forward but the ability to "forecast"

backwards in time from.future objectives is necessary in order to decide'

what must be done now to meet man's material needs 20,yearS and more from now.

Experiences with wartime shortages have shown conclusivel/Ithat govern-

ments under stress can make things happen sooner. But the social costs of

living, as if in a state of war are not to be invited lightly. Institutions

to foresee and prepare in advance for necessary technological changes and

adaptations on an easy, voluntary basis seem much more attractive..

. ,

Recommendation 2. It is recommended that relevant N
governmental bodies and industrial organizations should use a

systems approach and analysis to ensure that their action's are

acceptable in the context of the materials cycle and the

materials- energy- environment system, as judged by contemporary

standards. Further, betterKmethodoZogies need to be developed

for forecasting over a suitable time scale the effects of .

technological, administrative,, legislative and regulatory

actions. These matters are important because actions taken,in

any part of the materials cycle or the materials- energy-

environment system can have repercussions at .other parts of the

cycle or system. ."

.
RAW MATERIALS AND INTERDEPENDENCE

Overall, any country, must maintain,a balance of payments if the,interna-,

tional value of its currency is' to'remain steady. Short-term fluctuations

in the balance of payments can be tolerated but in the long term a close

balance- mtAt hold; international trade is the major factor in deteriining

the payment balance. The principal ;ingredients of international trade are:

food and agricultural products; materials,,including energy materials;.

technological products, military and civilian; and services. It is not,

necessary; of Course, for there to be a trade,balance in each separate



411

32

go ., category, Countries such as Great Britain export technological prOdiicts and
services to pay For the needed imports of food and raw materials, The Arab

'oil countries, until recently, have maintained a lifestyle thatmeeded minimal
imports to support it and income from ()i exports ,often went to purchasing
mifitar'hardware. Some countries are so devoid of any known assets for
export that they remain the world's poorest nations, requiring foreign aid
for more subsistence.

Fortunately for the United States, at present it is rich in every trade
category except several important raw' materials. Thus it.must export food,
technological'products, and services to pay for the raw materi, s to maintain
its standard of living. flow long the world ,will accept uneve distributions
of resources among nations and what adjustments, some of whi h are already
happening, in international relationships and mechanisms will take place
remains to be seen, but these -issues are outside the scope of this report.

Supplies of materials for the United. States are likely to be forthcoming
from other countries as long as these other countries require goods and
services from the United States. As we have Seen recently, however, this
situation may not always obtain. The OPEC countries felt sufficiently free
from dependence. on U.S. exports, at least for the short term, to dare to
-embargo oil exports to the United States. The effect of tkis.action has led
this country to realize that it cannot afford- to be critically dependent on
outside sources of such a. vdtal~ material as oil and as a result, .,ambitious
programs are being embarked upon. to achieve an increased level of self-
sufficiency in energy materials by 1980. Naturally, this event has
triggered similar worries about the Nation's dependence oruother countries
for other materials and the question has been raised whether the United
States should aim for a higher degree of self-sufficiency in all materials.
This is arrhistoric turnaround: many of the raw material-producing countries'
are poor and have hitherto very much 4epended on the rich, advanced countries
for improvements in their standard ofIliving; but now.tlie rich countries are
seen also to be dependent on the poor to avoid lowering their own standards
of living.

. -
Again 1,f is relevant to.witness what is happening in the Arab oil

Countries. They are now beginning to look for ways.to spend the rapidly
accumulating wealth resulting from their strong bargaining position for the
price of oil. Whi e a good part may still end up as personal wealth (much
even invested 4n tq. industrialized nations) there are signs that the oil
countries would Like to acquire a bigger share of the oil and other industrial
"action." Why should profits from shipping the crude oil go to foreign
companies? Already some Arab countries are investigating the possible pur-
chase of a tanker fleet. And.why ship crude oil to be refin elseehere?
Why not erect raineries at-home and thereby keep the refiner prOfits as
well? And why not use some of.the profits to build up other industriesas
Iran is doing for steel? And so it goes on.

At the base of the oil embargo there lies another fact--that the
"enormous'-' Middle East reserves, at present and prospective, rates oft
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withdrawal' will be used:up in perhaps, 2S-30 years. The Arab countries are

entitled to ask' themselves (and us-) what. kiiid of economy and culturetheywill

have achievecrby the time this transierit'bounty funs out. Will they....svbsiqe,-

Into a poor, thinly- populated pastoral and homage state or will they be able

toconvert this time-liMited. resource -into the basisof a. more modem t and

'sustainable, technologically-supported economy?-
)

We can. eniisage'siwilar situations developing in a number of mineral

industries as well. For instance, as a group the bauxite-producing nations

a'A asking for capital to install reduction plants, Tolling mills, and extru-

°'sion facilities to enable. them to ship not low-value ore but high-value

materials. The trend is logical, even necessary, as a stage in the develop-

mentprocess. As the chief instigator of this'process the United States

should logically accept its implications. But-it poses for this couritry the

alternatives of a lowered domestic standard of living or an expansion of

exports in other areas, such as agricultural products, to pay,theheightened

costs of the imports it needs. This same trend is evident in the/move from

fire-refined copper to wire bars, from chromite to ferrochrome,from cobalt

concentrates to balls and rondels.

As the raw material countries acquire wealth they will build up their

industrial base and in this sense, as more and more of the materials "action"

builds up overseas the United States becomes more and more dependent on.other

countries not only for raw materials but for refined products as well. .(This

trend Aderscores the inveasingly-.important. role of multinational corpora-

tions. which by and large will distribute their activities among the counyries

in which they operate so as to optimize the whole. operation.) Since this"

process raises the standard of living in the poorer countries it can perhaps

be viewed sympathetically. However, as these countries industrialize and'
develop they, in turn, become more and more dependent on oth& countries, in

order to sustain their technology and standard of living.. As they "level-up"

they will becoind more dependent en,the advanced countries.for more sophisti-
.,

cated technology and, like everyone else, on the whole range of countries

that supply the raw materials for their technology. Thus the world trend is

towards interdependence, though along the way there will be frequent fluctud-

tionS of the Arab oil embargo sort. We therefore believe that a long,-range'

objective of overall materials independence or self-sufficiency for the

United States is not only unwarranted, it is not even feasible. This. is not

to say, however, that precautions should not be taken against temporary

difficulties caused by transient cessations of exports of certain raw

materials.

There are various situations which can result in the suppl of raw

materials to the United States being vulnerable to the policies and practices

of other countries, These include:

1. where most of-the world's resources ale held by a single country,

e.g. tungsten (China), mercury (Spain), palladium (Soviet Unicin).
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2. where most of the: world's resources are held by a very few
Icountries of similar political persuasion, e:g. chromilim (Rhodesia and S.

,

Africa). 3

3. where the transport routes between sources of supply and the United
States are part,iciilarly vulnerable to hostile action,, such as when the source
countries are geographically close together and remote from this country

, (e.g. tin from Southeast Asia).

4. where various countries, 'even with widely-varying-ideologies, can
group together with the common interest of raising the price of the commodity,
they sharoje.g. the bauxite-producing countries).

5. where substitute materials cannot readily be found or developed
(e.g. as for iron, chromium, and manganese),'or where nations that are
sources,of'the prime commodity and nations which aresources of'the.moet
likely substitutes (e)g. the'copper and aluminum nations) join together to
nanipulate the price of both commodities.

for the industrialOzed nations, the probleMs of future international
trade in materials may be focused not 5o much on their controlling the rate
at which they import Materials from the raw material countries but/with
inducing relaxation of export controls that the latter place on their
commodities. IA the light of these vulnerabilities it seems prudent for
the United States to pursue a policy of stockpiling--

a. "critical" materials--i.e. highly essential and highly vulnerable
and

b. technological capability to develop alternative sources.

The stockpiling of materials of strategic importance to the military has
been practiced. since World War It. The object has been to assure the United
States adequate supplies to feed the U.S. armament 'requirements for many,
months, and in some cases three to.fiveyears, in the event thathis country
was cut off from its normal sources of supply. Clearly, similar,considera-
tions can also be applied to protection of the U.S. economy and the essential
needs of the civilian sector. Materials stockpiles can smooth out the Jolts

J.

caused by interruptions in supplies from overseas. The size of a stockpile
should be such as to keep a significant fraction of U.S. needs satisfied
'during the period needed for alternative sources of supply, domestic-or
foreign, to be brought on stream, or until other adaptations can be 'devised'
and implemented.

Adjustments to supply difficulties might be made by rearrangements of
trading patterns, albeit at some cost because, presumably, the original
source was the cheapest. However, for those materials where rearranging
trade patterns is less feasible, the United States should undertake research
programs to establish a capability of supplying its needs, as far as possible,
from domestic resources. This is not to advocate ,indiscriminate funding of

4 8



materials research in.the belief (o-r hope) that something useful will eventu-
ally come of it. Instead, there shoudd be a deliberate selection of research
programs. aimed at lessening U.S. vulnerability to overseas suppliers. These

include: ,

a. mining and extraction tech.ntques that yin. raise.the'Gffi.e.iencyof
processes for obtaining vital materials from lower grade Aomestic deposits
(e.g. aluminumcontaining ores);

b. developing substitute materials and 'exploring theit effects on
product designs and performance (e.g. silicon nitride ceramics for automobile
engines).

Such research need not yield economic processes qr,products 'in the
contemporarytteconomies; the important fact is that tht,United States would
have a technology available which could be scaled up and brought on stream if
normal supplies were in jeopardy for an indefinite period.

Recommendation 3. Because of the world-wide implications of
many actions affecting natural and environmental resources, and
because of the inevitable trend towards interdependence between
nations, it is recommended that the-Federal Gopernment should make
strong and continuing efforts to achieve equitabli international
agreements concerning the exploitation and sharing oP these
resources:

The State Department is the blead agency in this area, with the Department
of Commerce also playing an important role: Besides pursuing bilateral and
multinational agreements there is'a particular need for the Federal Govern-
ment to' work through the United Nations and to,

world's
the latter's parti-

cipation in regulating the consumption of the -orld's resources.
I P.

Recommendation 4. Because of the vulnerability of the USA
to,shortages of certain materials necessary to sustain minimum
standards in the civilian as well as the military sectors, it is
recommended that a deliverate policy should be pursued of: (a)

stockpiling critical materials in sufficient\quantity to provide
time until developments are made that will overcome ani,mport
shortage by means of domestic production, alternate sources,
substitutes, development of recycling syStems, and other expedients,
and (b) undertaking research programs to establish a technical
capability, .which could be relatively rapidly scaled up when
necessary,.for supplying 'U.S. needs, as far as. possible, from

domestic resources.

This recommendation is particularly germane-to the Departments of-
Commerce and the Interior.
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CONSERVATION ETHIC %
,

, - t,

Whenever the balance between supply and d'dband7is'threatened: OatoNer,
tilt reason, whether it be w,jth materials of domdstic or fareiga origin; .- -

-

society can respond by endeavouring to increase the supply, 'reduce .the .

demand, or both. Hitherto the pressure has been generally placed on tbe'
supply sector to meet demand but this alternative threatens to become less
rewarding. World competition for available,supplies and exploitation of the
seller's market by producing nations makes it chancy. Moreover, increasing
the supply of material available ususally calls for inpreaseci capital in-
vestment in mining and transport equipment, the mobilization and training of '

additional manpower, investment in additional pollution control equfr ment.,. 1

and additional consumption of.energy. All of these requirements may iMpose
severe constraints-and in addition there is the uncertain but perhaps in-
creasing force of societal value judgments together with moral judgments on
man's right to deny materials to later generations.

Reliance of the UnitedState§,on materials from less fortunate producing
nations is threatened in several ways: by unwillkngness of such nations.to
permit continued.disparity of living standards,by supplying. a rich country
with the means to its continued enrichment, by\the competition from other
developed and consuming nations for these materials from the:$poor'eoulntries,
thereby creating'a "seller's market," and unwillingness to forfeit future
,richness to, in many cases, meagre present gain. Why should we, the Austral-
ians plausibly ask, ship our uranium to the United States for dollars today
when we can use-it in_the centuries ahead to energize the development-of our

A '

own "Outback"? ,

As a result of all these pressures, increasing emphasis is being placed
on reducing demand to preserve the supply- demand equilibrium. At present"
we are in a transitional phase in Which society's reaction to material
shortages is to try both to increase supply and to reduce °demand for new
material at the same time; reducing demand through various conservation
measures may well be the primary path of the future. We see a consery /tion
ethic; which'urges throwing as little away as possible,. which implies Aueez-
ing every bif`of use possible out of energy and the less abundant maOrials
to reduce demandk on primary resources. Clearly', the transition fr?M an
ethic of mat0-ialrowth to one of material conservation will have
repercussion througho the nation's!economy and welfare; this agues again
for a systemS approach-be 'taken in the management of the nati*saffairs

--, at the highest levels of goV nment. hh /
,

t.
f

.Every operation in'the materi cycle uses energy. Eveyy operation
must, therefore, be made more energy-efficient--mining, beneficiation,
extractioa, primary metal production, manufacturing methods/product use,
and product disposal or recycling.

Material scrap and wastes from material operations must also be minimized
at every stage of the materials cycle and any scrap br waste that is generated
at any stage must be recycled or reused as much as possible, or secondary, uses
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eund for it. Recovery ddvelS from _ores must "be maXimie.and, whenever

possible, rises found, for the overburden and tailings' that result froth

mining an smelting operations. Often these wastes canJirst be,reworked

- to reco vre'sidual metal values as,leaner-ores becordejnore economic. Scrap

from ma ifacturing o'pe.ratio s must be fed back into the materials cycle'..
laximum ecovery-from usedprodudts mtst beOprActiced. (Secondary uses-muSt.

be found'fbr materials degraded.in'recycling processts--in fact;.thaterials
may have to be put through a whole cascade,of successively less demanding

applications until they are good only for fuel or landfill. -

Products.must be designed,so.as to minimize their-use of the scarcer

maters Tactics include miniaturization; dqrsigning to closer tolerances;
simplification.and standardization; the use of more abundant materials in
place of scarcer ones, aid of renewable anus instead of nonrenewable; design-
ing for flexibility in material selection through less demanding .performance
specifications;Qdesigning. for minimum dispersal of materials, for longer,
servite life;ease of maintenance and repair, to facilitate dismantling and
reclaiming materials, to minimize materials wastage in manufacturing, to.
make use of reclaimed materials; and the employment of composite materials
to perform total functions.-

To sumlip, all the aforementioned tactics for materials and energy con-
servation need to he pursued but perhaps the most important themes are:

Il

-reducing energy consumption in materials operations and by-products,

increasing the durability and maintainability of products,

-development of substitute materials, and

-rettamation and recycling.

The overall aim is to maximize the effectiveness of materials and energy

usage:- But while there is considerable room for improvement of current
practices, there are limits on 'the extent'to which benefits can be obtained

from technology.

Recommendation S. Because'of to natural resources

as well as to means for alleviating ,these limits it Is recommended

that the Federal Government proclaim and deliberately pursue a
national policy of conservation of materia1,.energy and
environmental resources, informinCi the public and the private
sectors fully about the needs and techniques forreducing .

energy consumption, the development of substitute material,
,increasing the durability and maintainability of pPdducts, and
'reclamation and recycling.
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INDUSTRIAL SYMBIOSIS

We have mentioned the increasing necessity tojake a systems approach to
the materials Cycle and to"the secondary cycles associated with it. There is
heed or better coordination between the materials ,supply and materials
demand sectors of the economy, especially with the aim of minimizing materials
wastage, energy consumption, and environmental pollution. Inasmuch as each
Of these three categories incur rea.'1. casts (internalizing the externalities)
it might be expected that most industries will tend to move in the desired
directions.' But the materials cycle is often quite highly divided among a
number of industries--e.g. mining and smelting, manufacturing, service, and
scrap metal reclamation. 'Each of these separate industrial segments'of the
cycle may be individually ptimized but this does not necessarily imply that
the whole cycle operation is optimal. Systems people have long recognized
the dysfunctional consequenCes of optiMiZ,ing a subsystem (suhoptimiz-ation).
The dysfunctional consecipenCes. of sUbOptiomization are-evident in many kinds
of systems: political, administrative, educational, medical, transport,
utility, economic, etc. Adam Smith in his "Wealth of Nations" Wypothesized
that the sum of all suboptimizations (for' "profit") of individual entrepre-

.

heurs resulted,in optimization of the total national eCdnomy. Today we are
just;beginning to suspect that the Smith hypothesis is invalid. But we have
not yet devised a way of encouraging entrepreneurs "to behave properly" like
subsystems to optimize the operation of the total economic system.

A manufactuting -industry aiming,at producing products atlowest costs
may Pay little attention" to the maintenance costs and recyclingmcosts of its
products if,these are the concerns of other organizations. Thf?'diffused
effort illustrates a gap in our national materials system that generates
perhaps the most presSing need for a systems approach- -the need to design
products to minimize total: life costs, not just the manufacturing costs.
The feasibility of closing this gap by a-more systematic Approach increases
the more the total life cycle of a prodytt is the responsibility of a single

0 organization or' a: few, closely collaborating organizations.

Anbther way of expressing 'the theme is that sometimes the waste gener-
ated by one organization can be a valuable input of another, so that by
establishing close physical, economic, and managerial relationships between
the two industries the costs of both can be reduced. (Here waste is used in '

a very general sense--it includes industrial waste and effluents from pro-
cesses and manufacturing, scrap equipment, products and junk, generally, and
even municipal waste.) Such collaborations between or among industries often
raise the spectre of price-fixing and other monopolistic practices but anti-
trust laws and regulatory measures must'te administered in ways,thatensure
that the public's best interests are served. It is of paramount importaneJe
that any monitoring body be fully cognizant of, and pay due attention to,

3 the advantages of economies of scale and systems approaches for conserving
natural resources. The more the materials cycle and major segments of it are
fragmented among various industries, the less successful they are likely to
be in providing at lowest possible costs the products and services that
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sbed'ety needs, and also in minimi'zing the material, energy; and environmenta-
costs. Fragmented industries may,offer the consumer more choice, but the pNice

can well be -greater demands on=resoUrces as well as higher-priced products.

Recommendation 6. /t is recommended that the i'ederaZ

Government seek ways to facilitate cooperation between fragmented

.industries, industries at different parts of the materials cycle,
and institutions managing wastes and garbage, to maximize the -

effective utilization of materials and minimize harm. to the en-
vironment while assuring that there is no disservice to the

, pubZic interestfrom such industrial concentration.

CAPITAL CONSTRAINTS

The time factors alluded to earlier can in large part be related to

the problems of raising capital:t training manpower, and tha. momentum, and

institutional infra-structure .dgsociated with the older product or process

fhat is being displaced. Technological breakthroughs at the research stage

are always exciting and conjure up visions of nea products and liew dimensions

to our way of life., But the scaling up from the-research into the develop-

ment and engineering stages in order to arrive at a profitable commercial

base usually takes a lot of capital in addition to engineering skilI. This is

especially true in the basic materials industries, often described as capital-

intensive. New basic oxygen furnaces, drilling rigs, smelters, represent!

enormous investments which can control the financial conditions of materials

industries. The risks are high; the consequences of failure/ ,dire.

Yet' faced with potentiar\materials shortages these jndustrits must find

new investment money. For example, the suggested goal df tripling coal pro-

duction by 1980 implies at least approximately tripling the inVestment in

coal-mining machinery unless there is a dramatic improvement in productivity,

caused by the development of new techniques. Or again, just to keep a

steady output of certain materials will call for increased mining and milling

capacity as we have to turn to leaner and leaner ores.

Capital is needed not only for expansion of plant capacity but for

modernization and pollution control equipment. Modernization is necessary
"

for industries to be competitive with foleign producers who, in many of the

materials industries have installed or built many modern plants since World

War II. Pollution control equipment is usually, though riot necessarily, a

nonproductive, capital burden to industries which tends to make industries

less competitive with those in other countries wheie such equipment may_not

yet be required. However, most, advanced industrial nations are experiencing

rather'similar pollution problems to those'of the U.S. and are having to

tackle them in equivalent ways: forces are thus at,work tendi,ng to blunt the

comparative advantages that would otherwise obtain. Overall, spending money

on pollution control seems preferable to spending money, in some way or

other, for the privilege of_Rolluting, even though the latter charges,jf

high enough, encourage expenditures for thb former.

5
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.4. i ,.'the capital, required for expansion,' modernization, and,polkUtion control
has to come, from somewhere but it must recognized-thatthere is very little
slack. i.qthe capital Market: Other indstrial sectors are making their
demands too:" energy (much of it relevt,to materials technology),, transport',
'Communications, schoolsv and so on. S meicapitad,might come from that share ,,,

of the GNP that lies in government sectors,and in personal consumption, but
thetraditionalloremedy'is to counteract these pressures as much'as possible

increasingncreasing groductivity, and increasing'it at a rate greater than or equal
to the rate of izrease of wages.

.- But increasing prOductixity iMplyingjas
it does for a Wen industry size) increasing production.itins cpunter to the

'uncertainty of materials supplies. Increang productionjand consumption)
is hardly the overall answer for the future'' The traditional workings of a
growth' economy-7seewincompatibte with a society that iS moving out-of a.
growth phase in the material sense and into a conservation era, from an ,era o'
char:,Icterized,by A\sing exponentIal'functiOns to One better described by the
S-shaped sigmoi&curve or even a bell-shaped curve% lx,\fact, the proportion

Gsoof the GNP gOing intoXonsumption, federal and person/T,\ may weir haye to: ..,t,

decrease in order'torelease investment money ito sustain4he plant capacity
that will be needed to c'reate the materials 'and Products:needed to maintain an
acceptable standard of living. ' . ,

,

In this scenario- we concl de that new approas to,finlytneg materials
industries will have to be found' AS Robert C. Holland has said (his remarks\N
were directed at the end sectorsector t- they: appfy,50ually to the materials
industries): "Because of the large mounts'ofmoneYthat Will be requit d,
even major firms.May find that`they individuaKy lackadequate'finankial.
.sttength to support all-. needed debt finanCing. Under these circumstanceSi,f
is possible that mUlticompany guarantees maybe required to permit the
necessary funds to be raised. Such guarantee networks will be 'soundest if
the guarantedIng-firms are themselvesinAthe direct 'Line from*Iergy'prodtc-
tion to energy consumption, dntl are sti-tained in their guaranteeing, ability
-.by theirown,-direct market knowledge and customer contacts. Th'pressures
to provide these and other credit arrangements-,tomeet eTjergKAncl other needs_
will probably test the flexibilAy and responsiveness of our financial system
as it has seldom bien tested "before." (Holland, 1973) Government advice and

4 . consent will be,necessary in most mult4company arrangements but what is. **-

a needed is agovernment-industry collabration in the public interest,, in
spirit and fact, .not an adversary situation..'There is also, probably; a

general preference for avoiding any directothanagement of industry by the
. ,government.

4II
,

Holland's remarks are echoed in'a study (Little, 1973) of barriers to
innovation in industry thaf.was,carried out recently. 'While surveying a

fbroaderg cross-section of industry than the materials'industries alone, the
survey found that financial barriers that wele' rather universally regarded
as inhibiting were: (a) lack of funds, and (b) uncertiintr;about level Of
investment, i.e. financial risk ,too great, lack of critical information
needed for 'decision% The report also notes that "the most significant single
observation developed from (the study) is that the crucial bottleneck in the



innovative venture - development process is the shortage of seed capital to
support the earliest stages of venture formulation and s'tart-up."

.fil.

,

The report concludes that dn view of thcvKigh start-up cost} of high

technology innovation particutarly.in capital-intefisive industries, or if

--';
current public. policies (fiscal) are not sufficient incentives fe nnovatior.s.

targeted in thepublicinterest, thc3 feasibility could be explored of fiscal

incentives that satisfy the'folloWing criteria: Target on main barriers of .
startup costs; rejmburse costs and risks incurred (in the past) rather than

subsidize (current or) future costs; and maintain fair competition. As a

footnote, there is a need for the public to be better informed abouev )ital
constraintS, the effects of limited earnings, and that choices have_t
made, directly.or, indirectly, as to-how the finite amount of capi be

allocated -among competing technico-social areas. jf out of the neq capital

available each year for investing,' the proportion going to the ener, y s'ector

.must rise frbm 22 percent (as it has been) to aroundA5 percent thro 44-1_985

(as rSome have estimated) this means that the propol-ti of the total capital

available for investing in all the other goods and sery es that society
wants--health, oducation, communication, transport, houeing, and SQ on--must

fall from 78 percent to 65 percent.

Recommendation 7. Because the prime roadblock to technology

tran6T;FPTFortt Ehe'research-TAA-e to comme+craltzation in. the
materials industries is the capital (seed money) needed for
prototype development ofikproduct or process, it is recommended
that the Federal Government 'find ways to share the burden of
sUeh developments with the private sector in areas of high risk='

or,klayed pay -Off

MANPOWER CONSTRAINTS

As we have noted, even to sustain sfLety's k6sent standaTd,of living
will require an increase of activity in materials technology, a,,nd.. one of

tFy) constraints on the rate:at which the level of materials technology can he
increased is the availability'of capital. But another is manpower, both
brawn and bFain.

Except to the extent that productivity can be increased the pressures
for materials will require Zpereasing the manpower employed in operating
the materials.system.=, increasing the manpower in mining and ore processing,
recycling, nd other bulk material operations implies reducing, at least,
the percentageof the labor force in ()tiler industrial and/or service sectors,
an event that doe14' not happen ovFnight. It takes time to train and'retrain
-workers, though perhaps much can'be dome thrbugh cOmpanyponsored training
-.courses at junior colleges, forzexample.' rich investment would be good
both for the people involved and fopthe economy. It takes time for other
sectors to be'Come less manpower-intensive, or to deploy their manpower in the
different ways needed to implent conservation rather'than consumption.
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Perhaps more importarAly, it takes time for societal and personal attitudes'
and customs to adjust to different priorities and emphases. The process can
he influenced somewhat by financial incentives but this again runs up against
the same inelasticitiessooted in the previous sectionost industrial arA
societal sectors are competing for capita.1 and operating funds, reflecting
societal pressures for ehergy, transpOrtation, education, etc. To a first
approximation then, it is prudent for the basic materials industries in the

"llnited States to assume that though they will have to engage in more and more
activity in order to meet society's needs they will have to do so without an

, 'equivalent increase in manpower.

traditional answer lies-, of course, in increasing productivity and
thi in. turn, often implies developing new or imprOved technology, particu-

'* larly automation. Unfortunately, the United States has allowed itself to
become woefully weak in basic materials technOlogy. SincetWorld War II, if
not earlier, the emphasis in the United. States has been on the so-called,
science-intensive, high technologies such as aerospace, nuclear energy, and
electronics. Mining, extraction, transport engineering, and other "older"
technological areas have been sadly neglectdd. Only about 100 B.S. level
graduates in mineral and metal processing are'produced in the United States
per year. This contrasts,with the numbers of chemists (11,500), physicists
(5,282), and engineers (44,790) produced in 1971-72. The total senior class
in metallurgical engineering in the' U.S. and Canadian universities has flue-
tuated around 800 ± 100 over the last fifteen years. In a recent report
(Dresher, 1974) it is concluded thatat "current production rates of B.S.
engineers, the (metallurgical engineering) profession probably will not be
able to fully replace those in the profession who are lost due to death and
retirement in the next 10 to 15,years. The metallurgical engineering pro- -

fession has not kept pace with other physical science-based professions in its
growth during the last decade." Furthermbre,'within the category of-metal,
lurgical engineering, the-proportionof graduates in the minting and extractive
branches has fallen relative to the'proportion in other branches of 'metal-
lurgy. There is clearly an urgent need to modify this distribu ion of educa-
tional effort; a process which again will take a good many years. .In the
meantime, much might be done to attract scientists and engineers fr 11 other

disciplines into the basic materials activities which hitherto have -uffered
by not projecting an image of variety of'opportunity in contrast the
science-intensive industries. In fact, the fresh and novel ideas and views
that'could,be brought into the basic materials field by individuals trained
in other disciplines .might well lead to impressive new advances. The prob-
lems are no less intellectually challenging than. those of the high techno-
logies of,the last quarter century. The need, is to turn the hitherto low
technology areas into high ones, a process that could be much hastened by
engaging the interests and enthusiasms of those engaged in a wide range of
physical and engineering scieaces. Automation in particular offers novel

. challenges to the talents and skills of the engineering and information
communities. f

Recowmendation Because for the forseeable future there
mill be irowini pressure on basic materials industries tomeet
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(ileinand and because the manpoioer in these industries will conse-

« quently have to be increased, it is recommended that the Federal
(Thvernment: (1) explore ways to facilitate the training and

.

rC tra-MbiTarliTarran.11 tniltarli77.rthatte-f-Y-Vrith-e-P-2,41d7,44t.rieS-j-
(2) emphasize support -1"n the schools and universities of education
and research pertinent to the basic materials industries.

Recommendation 9. It is recommended that an intensive program
be undertaken to develop suitable automation for the basic materials
industries in view of the urgent need to increase their productivity.
Such programs'may cult, particularly for increased cooperation
between the basic materials industries and the computer and other
scienec-intensive industries.

PHYSICAL AND TECHNICAL CONSTRAINTS

Wise' use of technolOgy 0'11 certainly ameliorate materials shortages,
but there are liMits: limits to the resources we'can capture, limits to the
possibility of indefinite recycling, limits to the developments of substi-
tutes. The issues are not simple, and often excite discussion unworthy of
the topic. Public expectations of research and development have often been

'over-optimistic (R F, D oversold) for the short-term but over-pessimistic
for the long term (throligh lack of imagination).

First, are there upper limits to the amount of material that can be made
available? At present .rates of consumption the world will be facing within a
'few decades. very severe Shortages of certain materials unless accessible new
deposits,of adequate quality are discovered. Some such discoveries will un-

doubtedly be matte from time to time but notwithstanding, shortages. will appear

sooner or later. To offset these shortages technology must be'developed to
recoveryecovery efficiencies from ores, to make the treatment of leaner

ores prbfitable, and to mine less and less accessible ores. But recovery
.efficiencies are already quite high--often higher than 80%--so there is not

much room for improvement there. This means that greater emphasis will have
to be placed on workinCwith leaner ores and less accessible ores. But the

leaner the ore the more useless rock has to be handled'and broken' Up to win

the desired material, an activity that requires (in general) more energy and
produces more environmental degradation.

This trend raises the question of whether energy can be used in even-
larger amounts to accomplish such tasks.\\The question concerns first, how
much energy can be provided for this use.,\nd second, whether there are limits
too its use.

Regarding the first, there are in principle enormous 'reserves energy

materials in the world. While difficulties of the sort generated by the Arab
oil embargo can be expected from time to time, causing temporary shortages,
the reserves of oil shale, coal and tar sands are enough to give grounds for

thinking that once technology comes on stream there will be no energy shortage

57



44

For hundreds of years. Furthermore, there are considerable resources for
nuclear fission power and if nuclear fission power becomes [t reality the
energy resources could become almost inexhaustible. In addition there is
the tt.rotiltettf pf tapping the significant inputs of solar energy and lesser
energy sources, such as geothermal, as,well. Abundant energy does indeed seem
attainable in due course.

4

But the second part of the question posts a warning sign....

Whatever the way in which fuel materials arc converted into energy this
energy eventually ends up as waste heat. It is oast' to estimate that present
total energy use, on earth amounts to about 1/25,000 of what falls onto the
earthttontinuously from the sun and that this energy generation would have to
be increased something like allundred-fold before the earth warmed up enough,
by waste heat alone, to constitute a global environmental danger. That will
not happen with fossil fuels, because if facilities were built sufficient
to generate heat at this ratg, the fuel would last only a few years--say 10
or 20 at most; no civilization would embark on a course of that sort. It is
possible to get into such "heat death" with the rejatively "inexhaustible"
sources, nuclear: (fission or fusion) and solar power. This latter may
appear as a surprise, but it should not be so: one tints an area of the earth
dark to make solar collectors whence more heat is absorbed on earth instead
of being reflected.

The cure for the "heat death" problem appears as a corollary to the
previous sentence: one can adjust the reflectivity of other parts of the
earth's surface, as a counter to heat production via solar, nuclear or any-
other resource. However, the idea is aesthetically unatractive, and a
civilization that exists by such application of force majeure is probably in
more serious trouble from other consequences of indiscriminate energy use.

The most obvious difficulty arises from the fact that the heat generation
is usually concentrated in relatively small areas, and usually in the same
general areas where, people live. Thus local and regional,,, not global,
effects will dominate, as they already do in some areas: on the average, the
atmospheric temperatures of cities are.1° to 2°C above those of surrounding
rural areas, but in some instances the temperature difference may reach 10°C.

More subtle and probably more urgent difficulties arise not- from the
crude production of heat,, but from other aspects of energy production. Burn-
ing fossil fuels has increased the levels of atmospherit carbon dioxide
globally, and of_sulfur oxides and nitrogen oxides over continental areas.
The effects of these atmospheric changes on the earth's radiation reflecti-
vity and emissivity and on the earth's climate are not well known. Other
effects come from what the energy is used for- -iii industry, transport, heating
and air conditioning,, and more--which'pollutes the atmosphere:alters surface
conditions, and so forth. This increasing use of energy, even if it never
polluted. per so., would have to be accomplished by increasingly strict
controls over.. its use.
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Then there are other man-made pollutants which hardly exist in nature

or not at all. These include hydrocarbons, various particulate pollutants,-

and pesticides and hcrhicideS. The subtle and not-so-subtle effects that
these can have on man's environment are only,beginning to be appreciated.
Many of these pollutants may well accumulate to disturb the natural balance
rather than be assimilated harmlessly into natural cycles.

We thus have two classes of pollutants: (a) those which take part in

natural cycles and can be assimilated if their levels are trivial compared
with the background levels of the natural cycles andjb) those which do not
take part in natural cycles and therefore accumulate injuriously. For the

first type, technology must ensure that man-made levels d'O'not amount to
more than an extremely small fraction (thouglrdepending'on circumstances), of

natural levels. For the second type the only answer, other than finding ways
to do, without the materials in the first place, seems to,Ue for technology to
devise ways of containing the pollutants, completely preventing their escape
into the biosphere. And for both classes of pollutant, as is-'being increas-

ingly recognized, action cannot be delayed.

Pollution of a.different sort stems from piles of industrial and muni-
cipal junk and wastes. Effective reclamation and recycling of wastes serves

two major purposes. It not only ameliorates the visual pollution .bilt,dt also

can make a major contribution to conserving materials and energy. The closed,

cycling of materials is One of today's most urgent needs and it should be an
omnipresent attitude on the parts of product designers and industrial and
municipal operators to use every feasible -technique to prolong the life of

materials through as many use cycles as possible.

It is impossible, of course, ever to get 100 percent efficient recycling.'
Some material will always be irretrievably lost on each cycle but the smaller
this proportion the smaller the demand that is placed on prime sources of
raw materials and on storage.space for discarded wastes. A recycling effi-

ciency of 90' percent though rarely attainable, would.mcan approximately a ten-
fold reduction- in, the rate at which fresh material would need to be mined,
-not counting any add itional,material needed for growth. The scarcer the
materilt the higher'the nied for efficient recycling and all usages and man-
agement operations that tend-to slake salvage operations difficult should be

kept to an absolute minimum. it is important to remember that over a period
in which materials consumption rate' is rising, the proportion of new needs
that can he met by recycled materials can fall far short of 100 percent.
This is because the total amount of material available to be recycled, even -
with 100 percent collection efficiency, can only be that which was produced
an average product-lifetime.earlier. Thus for cars, the absolure-maximuill num-
ber of cars that could be recycled, today is approximately the number of cars
that was produced 10 years ago,,a number which might he quite a bit smaller
than today's demand level.. Thus, while it is essential to make every effort
to make the efficiency of utilization of materials approach as'cfosely as

possible to 100 percent, recycling and related tactic such as cascaded use

can never he a nearly complete solution to materials shortages'until the

consumption ratcilecomes constant.
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Faced with shortages of certain materials sohie optimists,would hwyeus
believe that technology can always come up with a substitute... This is not
necessarily so. For some applications substitutes may be foini quite readily,'
but the more technically complex the application-or equipment he material is
used in, the more difficult it becomes to find a substti.tute, perhaps impos-
siblo. Products like nuclear reactors, jet engines, and integrated circuits'
are systems of highly interdependent materials, each carefully adhpted to its
role in the total structure. The unavailability of a particular material may
require a complete and prohibitively costly redesign of the equipment to
accept another material with slightly different properties, even if such
redesign is technically possible. Palladium is about the only material that
has been found to give adequate performance in electrical relay 'contacts in
the telephone vstem. Other metals which could-be substituted for palladium
wouldso'drastically degrade contact performance that telephone communications
would become much less. reliable. In this case completely new telephone
systems might have to be built around completely different and perhaps more
.expensive technology, such as solid state switches.

Substitutions do and will play an important role in relatively simple
applications, such as construction materials, household utensils', and'
fabrics. Substitutes are generally much harder to come by, if not impossible,
when the materials are used in an enormous number of different applications
(e.g. chromium), or when they are used_in such vast quantity that nd substi-
tute can be found that,bas sufficient abundance and is adequately capitalized.
Also, when materials are inadequately available for making the more-complex
mechanical and electrical equipment that man has come to regard as essential
for his way of-liA, it may often be necessary to find alternative ways of
performing the desired functions.

Man's ingenuity, stirred by circumstances and nourished by deep knowledge
and undepttanding of materials, will probably rise to these occasions for
substitutions for a long time to come. The area Of functional substitution
will perhaps be the prime determinant of what man's future way of life will be
like, but it is an area where hard facts are particularly scarce. One aspect
that is frequently overlooked is that while substitution ,may allow the
function.to be preserved it usually does so at increased cost (since other-
wise, the "substitute" would have been the preferred course'to begin with)
But increasing the cost means that fewer users will be able to afford it.
-Thus,. to those at the lower end of the econwilk-scale, substitution does not
mean that the function will still be .availdhte,,to them. There is clearly a
need to sharpen our methodologies for predicting "future technology, parti-
cularly so- that its potential. effect on the materials-energy-environment
system can be assessed.

As man's technological.environment gets' more and more sophisticated and
complex another technical consiraint,may begin, to set in-- reliability. As

any homeowner knows, the more "labor-saving" devices he owns the mote time
and effort he has to devote to maintenance, repair, and replacement. So too
with industrial and commercial equipment. Unfortunately, hardly anything can
be made absolutely trouble-free, especially things like automobiles, stereo

(S.
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sets, computers, aircraft, and so On. The wonder is that they perform as

reliably as they do, though if consumers were to demand greater durability

and reliability and were prepared to pay for it there could undoubtedly be

fewer defects and improved performance.

Much can be clone to reduce causes of trouble to acceptable levers but the

fact that failures will occur may present a practical limit to how much

technology it makes sense to have. For example, integrated circuits for

critical applications can nowadays be made with failure rates of around 10

FIT in the medium term, where the unit, I FIT, represents a failure in one

billion operating-hours, or about 10,000 years, accumulated by a sufficiently

large batch of test samples. At first sight this might seem to be overdoing

reliability°but it must be remembered that complex systems, such as computers,

control systems for anti-ballistic missiles, nationwide communication net-

works, can require the reliable operation siMultancously of many thousands

of integrated circuits. A figure of 10 FIT means that, statistically, a

system consisting of a thousand integrated circuits will exhibit asystem

failure rate of about once a year. It is not obvious that much improvement

can he made in this figure; we may be reaching a, practical limit to,yelia'-

bility in integrated circuits. If so, this circumstance,will tend to set an

upper limit to the practical size of a complete system. To get around this

liMit, we may need to resort to alternative, redundant, or backup systems,

as with blind landing control equipment for aircraft.

Another potential limit to the diversity and complexity of equipment,,

be.sides physical relia ility, .is the technical training required,by those

.

whose job it is to repair the equipment when it does fail. For most people,

automobiles and television sets already exceed the point at which simple

repairs can be carrie out at home. Nowadays the services .of specialists

are more likeli-.to be required though some relief_can be provided by' using

modular construction. And so it is with industrial and commercial equipment.

(It is hard to quantify these effects of technological complexity but they are

real and may well pos some practical limits to the man-made environment.
4

In this section ye have assembled a rather gloomy catalog of limits to

what can be-achieved,)y technical means to alleviate the threatened

pressures on material , energy and the environment. The theses that techno-

logy is infinitely improvable and that substitution is infinitely possible,

we feel, are highly suspect. They can be accepted only with considerable

qualifications. So what can he clone? Is there a brighter side? We believe

there is. That by focusing attention on the difficulties and liabilities man

tends to overlook the opportunities and assets that, are available to him.

First, energy. There is perhaps scope for considerable increase yet in

the rate at which the'world consumes energy (totalling all its forms): -How-

ever, the United States has to face up to the'question of whether it has

used up its "share" of energy consumption. To go on increasing could lead

quite soon to bnacceptable environmental disturbance as well as international

recriminations. Instead, the opportunities for the United States have.to be

.sought in using energy more efficiently. Fortunately, there is still much

6
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scope here. Through ingenious engineering and the application of scientific
knowledge we can perhaps achieve a several-fold increase in the effectieness
of our nation-wido usage of energy.

As for materials, while we. may experience shortages of various metals
and certain other substances we will never run out of materials per se. Thereis a limitless supply of refractory oxide materials and ways should be found'
of using these in a greater variety of applications as substitutes for
scarcer materials. Then there are the forests and other vegetation which
represent a vast renewable resource for organic materials;,these, with prudent
husbandry, could sustain a steady supply of Useful materials at acceptalbe
levels of ecologiell impact, including avoiding depleting. the. amount Of.
organic carbon in the biosphere.

Finaliy,\ there is information technology -the' technologies of communi-
cations, .computers, and control based on solid state electronics. Informationtechnology is not materials- Or energy-intensive and so is not likely to run
into these limitations though it may well experience other limitations, such,
as capital requirements and,reliability. Some specialty metals may pose
supply problems in the future but overall,'information technology, in,its
broadest sense, may well ease the pressures on materials, energy and the
environment. Functional substitutions such as facsimiletransmission instead
of mail systems, video communications instead of personal-travel, and
computer, control and automation generally instead of human operators are all
expedients by which we can reduce. the drain on energy, materials, and the
environment. information technology has made such rapid advances in recent
years that already we can fdresee being able to provide society with a. vast
smorgasbord of services, from remote health checkups to bank and shipping
transactions; From traffic monitoring and control to robotic minting machinery.
The exploitationofsuch wizardry will require wise selection and guidance
and knowledgeable acceptance by society.

Recommendation 10. Because the-obiosPhere is facing severe
strainsyrom the effects of the global levels of energy consumption
and pollutant emission, intensified research is urgently needed
on the effects of waste 'heat and pollutants on climates and 0
ecosystems.

Recommendation 1.1. Because of the close relationships
between materials production, theenergy consumed, and the wastes
and pollutants caused thereby, it is recommended that cognizant
federal bodies, develop, publish, and keep updated data giving
the energy and pollution consequences of recovering values from
listed reserves and resources.
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TIME CONSTRAINTS

The time taken for new scientific knowledge to reach full commercial

implementation is Erequently.underestimated. ..
As Pry has noted: (See

/ Appendix of Source Materials)

/

I

/

"Three distinct stages arc apparent in the birth, growth, and diffusion

of a science-technology area. First, the stage from scientific discovery of

ti

a new physical phenomenon or a. new theoretic 1 concept to the broad acceptance ,,AD

of its applicability to technology. This gestation period. involves a broad-

ening of the concept, probing the depth and breadth of the experimental

phenomenon, and, subsequently, assimilating the findings into a common 43

technical-knowledge base. The time period or this process varies greatly,

has been shortening considerably. over the last century, but still may take

40 to 50 years to complete (e.g. electromagnetism in the Nineteenth Century;

superconductivity in the Twentieth),

"The second stage consists of the time

scientific solution to a technological need

product 'emerges utilizing the solution. Se'

U.S. inthe last 20 years show this time to

with the average time between 10 and-15 yea:

between the. recognition of a'
and the.time a first viable
eral studies undertaken in-the

be between six and thirty years,

s.

"The third stage consists of the'timesrequired for the new product or

service to grow and diffuse through the tech

of time required for this process of technol

tion to occur has not shortened in any disce

ology and society... The span

gical and/or prediict substitu-
nible way over the last 60 or

70 years, The eXamination of a number of cases of product substitution led

to the intuitive conclusion that the time reqUired for the completion of

this stage did.vary with the breadth of the poduct impact, the capital

requirements, social. changes required, market ng and distribution patterns, as

well as product superiority or other technica ly-related factors, but not with

the specific dates of the substitution."

Thqs; depending on the nature of the prodi\ict or process substitution,

the total time taken from .the initial pertinent scientific discoVery to

dominance of the market, that is the sum of the three stages which may be

termed the basic research, development, and commercialization stages, lies

typicallypin the range from a minimum of 50 -60 yearsto a. maximum of 100-150

years. , Wars, economic booms and ,disasters, government and statutory controls'

and regulations appear tohave remarkably little effect on these substitution

times. The major conclusions that can be drawn from these observations are:

1. ,Research and development is not the answer t6 immediate technical

problems. These have to be met by redeployment and rearrangement of today's

existing technology, using'engineering capability to the full.

2. Problems likely,to become serious within the next 10 to 20 years

will generally have to he. solved, ancl,probably can be, by,development of

scientific knowledge that we already possess.

6 0
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3. Continued investment in research is essential to build up the
knowledge base that will be necessary for meeting the technico - social
problems of 20 years or more from now.

4. Any attempts at "instant" cures or immediate technological "fixes"
of technico-social problems through tough, inflexible legislative or admin-
istrative measures are, likely to be ineffective or worse except insofar as it
may be possible to prev,ent outright poisoning by various forms of pollution.
A patient understanding, long-term partnership between, industry and society,
with government as intermediary and cognizant of the long time scales that
are involved, is more likely to lead to mutually-acceptablQ progress in the
face of the global pressures that affect all mankind. In particular, the
ability of the Federal Government to provide substantial and sustained support
for the developMentof techniques needed in the long range future should be
recognized as a means to supplement the free market in meeting such needs.

Recommendation 12. The Federal,. Government should equip
itselftwith a capability for long-range forecasting'of materials
supply questions, for conducting andlyses of future problems, for
devising courses'fbr corrective action, and. for obtaining their
implementatiEin-in timely fashion. -

V



CHAPTER III

TECHNOLOGICAL OPPOR UNITIE IN THE MATERIALS CYCLE TO OFSET SHORTAGES

Note: The preceding chapter reviews the factors that have led us to the

conclusion that the major theme in the future must be one of conservation in

the materials-energy-environmen system. The next chapter reviews the tactics

for science and technology consistent with this theme. We recognize from the

outset that many of the technica activities recommended are already being

pursued by various federal agenc es, industrial organiations, and othe,s.

In such cases our recommendation may be regarded as endorsements or, in

some instances, calls for intens fied'effort. The important point, we feel,

is that we have gathered togethe those technical activities which are

consistent with our major recommendation of a conservation policy.

. ENERGY

Although we have in earlier ections outlined the impossibility of

increasing energy use indefinitel (or,use of anything else, for that matter),

nevertheless a great deal of ener y will continue to be required in societies

like those in the U.S., in order t accomplish needed\tasks. Without energy

there would be no materials but without certain materials there would be no ,

energy. It is therefore a task of first priority to ensure adequate

supplies of: (a) energy materials!- fossil fuels and uranium,; and (b).

materials needed in energy technology--e.g. helium, and materi,als for super-

conductors, materials for first maps in thereto-nuclear'fusion devices, and

light absorptive and transmitting materials for solar energy cdnverters:

The list includes, more specifically, chromium and manganese (for steels,

including stainless ,steel), fluorspar (for steelmaking), nickel and cobalt

for various alloys, tungsten for tool alloys, platinum for catalysts, and

'looking further ahead, probably niobium for superconductors`, and lithium

and helium, especially if fusion power comes into its own, besides a host

of other materials whose supply poses,ess problems. ,Helium is a special

case: it is available relatively.cheaply,only from some natural gas.fields

now wasting away. Its stockpiling has been looked upon principally from a'

narrow economic point of view, bui7-,11,e problem of helium availability for ,

adequate energy'suppl:ies (for high temperature gas-cooled fission reactors,

51
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for controlled .fusi nMor superconducting transmission lines) in the 21st
century is not a narrow economic problem. Nor is it a trivial technological
problem.

- A detailed study of,the materials research problems pertinent° to,
developing energy technology falls outside the scope of this report andi§
receiving attention elsewhere. Also, other panels on COMRATE are, or will
aressing the mineralogical and technological problems associated with, the
availability of fuel materials. NeVertheless, it is important to,remark
here that the Committee strongly supports conservation and frugal use of
energy resources. To the engineer and scientist, our .principle takes the
more specific form of minimum free energy change in overall, process cycles,
or minimum entropy increase.. In everyday operating terms;,thevprinciple
comes to not using energy where it need not be used, and accomplishing
desired results with as little energy use as is practical. Natural tradeoffs
often exist between using materials and using energy to accomplish a given
purPose; the balance must be decided in each case on the peculiar merits.

Recommendation A.1. Because of the serious environmental and
international implications, of continued increase in the generation
of energy by the United States, conservation of energy resources
and their rational utilization deserve a major increase'in
research attention..

/ Recgmmendation A.2. As present plans to make energy
available from new sources will fail unless there are adequate

1 supplies of certain critical materials it is recommended that the
Federal Government should make strong efforts to ensure the
continued avaiiabilitz.of these materials by facilitating new
sources of supply and by tempering- current demand through such
means as encouraging 'the search for, .and,development of,
substitutes for these materialsetheir major use contexts.
M'ateri)als requiring pakigular attention include manganese,
'chromium, fluorspar, nickeN-Cobalt, tungsten, platinum, niobium
and helium. -

.B. POLLUTION - .CONTROL

r.

Lack of availabletechnologyrnot the principal barrier to control of
pollution of air and Water by materials operatibns. The basic technology
is known for control of
applications may be poo
econo c and political
since tsis hard to mak

The quantity of a
or bodies of' water can

effluent stream of cont
pollution source. Howe

most pollution problems, even though engineering
ly developed. Pollution control is primarily an-
roblem. It is often developed Only with reluctance
profitable.

ollutant emitted into the atmosphere or into streams
e-reduc'ed by physical or chemical treatment of the
minated gas or liquid being discharged from the
er, the cost of such treatment is determined

, -
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primarily by the volume of,the gaseoUs. or liquid effluent stream. Consequent-

ly, the economics of-emission control can be improved if it is possible to

red6ce th,,vOlume of the effluent stream even if the amount of pollutant

contained in the stream remains the same. It is still better if the process

,generating the effluent stream can be changed to eliminate completely the

-generation-of the effluent stream: this is rarely practical. On the other

hand, changing some processes and reducing the effluent stream volume is ,

often possible. These relationships should be fully considered in the

development of new manufacturing processes. Even though the value of a

recovered effluent may be negligible, the other benefits associated with

modifications ar change of a production process may be economically very

favorable.
1,

In general, the economies that
stream volumes--if this is possible

that can be attained solely through

effluent streams.

can be effected by reducing effluent

at all--tend to be greater than those

changes inthe systems treating the

Although the basic technology for control of pollution problems exists

except in rare cases, the status of engineering development is frequently

deficient. Because of a lack of basic engineering.designinformation, design

of pollution control -4installations is often grossly, empirical - -at worst, a

matter of "cuto-and-try." There is a need for basic data that engineers can

.confidently use to design, installations for given service. At present, few

data of .this type are being developed by either private or.public,agencies.

The emission of nitrogen oiddes from combustion processes is becoming

a massive air pollution problem. It is also a problem for which no fully

satisfactory basic control technology exists or appears clearly on the

horizon. On the other hand, the basic technology for control of sulfur

dioxide emissions does exist (though often more in theory than-practice)- along

with the applied technology,for their control in specific instances. However,

disposal of sulfur by-pr,pducts' remains as an economicproblemand. its

neglect is leading to some/f our most serious,eensequepops for
the environ-

ment.

Although the detection an measurement of porlUtants in the environment

is often difficult because of tlie low concentrations encountered, this

problem is usually not limiting i source control, where pollutant concentra-

tions are usually much higher. It is important, however, for assessing the

ecological effects of dispersed pellutants. The effects on biological.

systems- Of,such pollutants, including waste heat, are poorly defined, parti-

cularly with respect to long-term'and chronic effects.

Recommendation B.1." Research should be undertaken on a

continuing basisytolevelop bodies of genralized design information

for pollution control systems so that such systems can be

designe'd with reasonable confidence.
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Recommendation 13.2. A strong effort should be devoted to the
development of bas-ic control technology for the.nitrogen oxides
emitted from fuel combustion proces'ses.

Recommendation B.3. Additional research should be undertaken-
to develop practical uses or means of divosaZ for sulfur and
sulfur by- products.

Recommendation B.4. .Additional research should be devoted,
on a long-term nd continuing basis, to determination of the. .\

effects of lutants on bioZogicaZ systems. Parallel research
should b undertaken to develop the techniques and equipment for
detection, meaSur ment, and characterization of Zow pollutant
concentrations in ter, the atmosphe're,'ands-i,n bioZogicaZ.
materials.

Recommendation B.S.
effects of large heat and
regional climate in areas
large power plants.

C, MT
41.

Res arch should be intensified on the
i re releases on the'local or

o ,hig reZease, such as cities and.

...-

\ 4"RAL
\.
E,XPLORA TON

\
\.

e\precis information concerning
s__up--t-he\ eed for improved` means
e t will 1:0, addressed iby another

There is need for%considerably
minetal\deposits. Thi. obsertration p
for geological explora As. this

COMRATE panel we shall ere-th-

.-RecommeleUation Research shou
of finding and deve ping better geophysi
methtbds for geological exploration, ar bet
preti.ng the data so obtained.

e undertake; with the aim .

,

and geochemicaZ ,,-------..,,
,

methods for'inter-
.

MINING

'-
Future trends in conventional min g will requi eresort ores,res,

and ores in less accessi* places.- Mor material wi have to be m
order to realize the necessa levels of neral produc ion. Unless t re
are some dramatic breakthrough in techniqu , mining will require incre ing
proportions of the nation's capita, , energy, id manpower. This requireme t
puts premiums particularly on findin mining me ods which use energy and
labor more efficiently.',The labor asp t'may bec e particularly acute as
mining generally does not have a good "1 ge" as an, occupation. The depressed-'
state of U.S. mining technology is evidenc d by the, mber-0 imported
techniques,
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RecomMendation D.1. It is recommended that increased attention

be paid to Nook mechanics and techniques.of rock. cutting and tunnel

boring. In conventioval approaches there is a need to determine

whether harder,ou4tinr,' materials can' be synthesized in suitable

sizes and shapes (tungsten carbide and synthetic diamond haVe Zed

:to considerable progress recently in this"respect) and to explore

FE'dir capabilities and the factors affecting hitt performance in

various tyres of rock. , Novel approaches for both soft and hard

"''rock should be fully explored and evaluated fof' variou4Ornining

conditions. These include t4e, use of high-power lasers, electron

° beam, plasma torches, thermal fragmentation, ultrasonics and

'shock waves, percussion and hydraulic jet techniques, and auto-

mated continuous explosive.systems.

To increase mine output without corresponding increase Im>manpower

requires more-rapOly-operating. machinery and/or a higher. degree of auto--

mation. The latter will he particularly necessary for ultra-deep mines, and

sea-bed mining where the environment may be Asuitable for human operators.

y-

Recommendati n D.2.. It is recommended that research be.

accelerated ys to automate mihing operations. Such automation

requ'ives the development of suitable sensing devices "(to monitor

rock composition, for example), information processing equipment

(rtini-computers), and servo- mechanisms (robots), all. of which-

have to be exceptionally, nugged. Implicit in this recommendation

is the need for cooperation between mining engineers and,the

electronics eommunity farnilhar with signal processing.

The ocean floor as well as what lies beneath it is beginning to offer i

source for certain materials, 'parti,cularly the "manganese" nodules which can

be scraped off the ocean floor. Initially the needs may be met by adapting

current engineering technology but new techniques need to be explored, most

of which may involve development of novel forms of robotic equipment, as

includod'in the previous recommendation, especially for mining under the

sea-beat:, The environmental aspects of ocean mining,while apparently benign

so farr,maj, not have received as much study as seems warranted.

Recommendation D.3., It is recommended that research be.

.carried out on the environmental consequences of ocean mining.

The effects of disturbance of mud and associated marine life at

the sea-bottom and the effects ofbringing spoil up to th

surface of the ocean and discharging it there need to be fully

evaluated.

A novel form of mining that is attracting much attention at present is

leachipg. In in situ leaching the ore deposits are soaked'in acid thereby

dissolving or leaching out'the desired c9nstituents wWch are subsequently'

collected from the run-off stream. For certain location the scheme has been

shown to be feasible but questions exist concerning how mr ely useful the

technique may be, and its environmental tonequences.
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Recommendation 0.4. Rescareh to determine the usefulness of
in a;..1 a.Ninnqg process shoUld be accelerated.

what: on:
deposits within. the United States are potentially suitable fOr

.

leaehing,operations, taking into aecountthe geology, tin possible
ha:;,ards , the explosions needed to shatter the OrC tiOpOL3, the
hgdrologic conditions and 'Ow pi,;k of pollution Of ground water),
and 7zow the surface may eventually 14, rehabilitated. Studies arc
also nee,led of various ,..q1cmi,..aprocatwa that might be u$M for
leaching varlous tgres of ores and metals, the degree of recovery
oLtaimable, how it depends. on the efficiency of the rock shattering,.
and the potential of leaching fOr PC(.t)0Cri.nd further POIEWt; from

NIt'

A

BENEFtGIAT1019

fri' mos cases the crude ore produced by mining is first treated by
beneficiation -ocesses to separate the valuable mineral grains from the
waste rock (gangL ,) Beneficjatikw involves crushing and grinding of the ore
into its const)tue t milloral.grains, followed by separation of the valuable
minegals from the re:t byflotation,'magnetic separation or other means,
thereby producing- a mineral concentrate and a waste product called tailings.'/
By removing. the large lu.lk of waste rock by simple physii:al methods, the
subsequent chemical processing of the concentrate is rendered less costly
and less energy-intensive. The value of,beneficiation may be judged from the
fact that very few (if any) crude ores that are capable of beneficiation are
not so treated. .

Beneficiation processes, particularly those for fine grinding of ore,
are both capital-intensive and energy-intensive, Recovery of valuable min- s,

orals by these methOds generally falls between 70 percent and 90 percent, with
a clusteringof'values near to 80 percent. Disposal or large amounts of
tailings (about 160 tons 0,f tailing per ton of recovered metal, in the case
of copper ores) in an envionmentally acceptable manner is often costly and
,difficult.

The very low energy efficiency for fine grinding of ores in conventional
tindling mill* is well known and is reslionsible for 60-75 percent of the
energy used for benefiejation. The possibilities of novel grinding processes ,

that use significantly less-energy are not promising, but the potential
savings from such developments are so important as to warrant thorough in-.

vest igat ion .

Recommendation E. : (Inn,g,Wsive. of is warranted to
develop WPC energy-efficienthding processes. Processes and
phen000na requil-ing research and 'development include the study
of fracture in polycrystalline rocks, the effect of chemical
environment on fracture, the use of ballistic processes for
shattering, rook,, steam shattering, and improvements in

0



57

effif,ienc through engineering and

deoelopmcnt,o, including more hard-wearing machinoPy, and

,omiter eon t PH .

,
Separation techniques in beneficiation are generally ineffective for

very small mineral particles (less than 10 microns diameter). Failure to

recover such.smaJi particles is frequently.the main reason for low recovery

of valuable minerals. Improved means to separate small. miperal particles

would extend the applicability of beneficiation to difficult-to-treat ores,

and woul(Pimprove recovery Iron regular ores.

Recommendation F.2. Pepelopment of proccacwo that make

improped recooery of minerala, particularly in the very

f/ne parti.ele n ,Jo (1 to 10 microno diameter), should be pursued.

N.:0 of thin kind include high-gradient

magnefil, O eparation, 'Jrqe-ctioe flocNelation prior to flotation,

aitrafiraat:on, and eJlumn flotation.

F. PRIMARY MUM, PRODUCTION

Extractive metallurgy covers' those steps in materials processing whereby

mineral concentrates from the beneficiation step, or raw ores that are not

amenable to,beneficiation, are treated by chemical means to recover the

metal --,*alues; to reduce these to the metallic state, and to p6rify or refine

the metals as necessarf: Extractive metallurgy is far more energy-intensive,

per unit of raw material treated, than is mining pr beneficiation because

reduction to the metallic state involves energy expenditure for breaking ,

chemical bonds of nearly every atom present. Extraction efficiencies are

usually above-80 percent and frequently over 95 percent, so that there is

room 1or gnly incremental improvements in this area_ Ail- pollution from

sulfur dioxide, particulates, and fluorides represents a serious problem for

several metal industries, and disposal of wastes (for example, the "red mud"

from processing of bauxite) is a nuisance prohlvi Tor others:

1

fixtractivr processes show a wide 'range in energy utilization per unit of

metal produced--from a low of about 5,000 cal . *per gram (10,000 BTU per

pound) of metal to a high approaching 167,000 cal. per grain '(300,000 BTU per

pound) of metal. A common misconception regarding energy efficiency ,of

extractive processes is to attribute low efficiency to pyrometallurgiCal

processes (chemical reactions carried out at high temperatures), and recom-

mend the alternative of hydrometallurgy (cheMical. reactions in water near to

ambient). In fact, the three processes employing the leas-tenergy per pound

of metal produced arc pyrometallurgical processes (flask- smelting and

converting of copper, the iron blast furnace, and the lead blast furnace),

and some hydrometallurgical processes are very energy-ictensive (recovery of

nickel from laterites),

Rather than a'substitution of hydrometallurgy for pyrometallurgy, the

design of more energy efficient processes Must seek out the special
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advantages of both approaches. it must be recognized that each ore and each.
metal to be recovered presents special problems that require almost custom
de9..ign of the process for the particular ore treated. Attempts to recover
itOn from high -grade iron'ore by hydrometallurgy, or to recover uranium from
typical low-grade ore by pyrometallurgy, would both-be very wasteful of
energy compared with current pr6cesses.

Hydrometallurgy has specitil advantages for direct treatment of low-grade
ores that cannot be concentrated it can selectively subject only thp
valuable minerals to chemical reaction, eliminating the requirement for
energy to dissolve, heat or melt the great 'bulk of waste rock contained in
tho ore. Another advantage stems from the ease with which two or more metals
in the same ore can be separately recovered. An energy disadvantage of
hydrometallurgy results from the frequent need to use electrolysis, an energy-
intensive process, to recover metal From aqueous solution.

Pyrometallurgy processes are best adapted to treatment of high grade ores
or mineral concentrates. The processes vary in energy consumption from the
lowest of ail extractive processes to very high' depend\ng on process design
and the particular metal being recovered : Low energy ustt (high energy
efficiency) generally resultS' from continuous- counter- current processes (the
blast furnace), the use of natural fuel value in the:-raw material (burning
of suliair and iron i,n nonferrous metal concentrates), the use of fossil fuels
rather than.elecfric 'energy, the use of high-grade raw material, and the
'efficient recovery of waste heat.

Experience with improved process design over the past ten years indi-
cates that important opportunities exist for reducing fuel consumption in
extractive processes. Savings in fuel of 25 percent should be easy to obtain
anal savings as large as 50 percent to 75 percent may he possible in some
casys.A side benefit of new process design in many cases is simplification
and redua;ion in cost of pollution control for the process effluents.

-Recommendation F.I. Intensive and extensive effoP4

L

ii,)u7,1 he dlre4cci toward design of proeeEses with improved
7'wr,ji .rfidiwnov, and for which pollution control is simpler
i4(1,1ess'costly. careful studies 'of energy utilization for

conOenti,onal as well as new processes should be made, and the
ri',3u!ts used to encourage develRpment of super,ior processes.e-

0 Atention should be given to 'Ow recapture and 'use of waste heat.

In many cases, ores and concentrates contain small but significant
amounts of other metal values, in addition to the major metals that are
recovered. TheSe minor values are:frequently lostto.the waste products. In

. other cases, known mineral resources are not amenable to conventional- extract-
ive processes because the mixture of metals art other elements in the ore is
either too complex or too "refractory" to be separated by existing processes.
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Recommendation F.2. Research and development should be

directed towardnew processes capable of: (a) more complete

recovery of minor metal by-products now lost to waste streaMs;

(b) treatment of complex ores containing several 'metal values

that are difficult to separate; (c) treatment of refractory ores

(frequently silicate minerals) where the metal value occurs in

chemical combination that is difficult to break down. Examples

of this category are: manganese in rhodonite, aluminum in clays

and other silicates.

Plants for the large scale production of the major metals ('iron and steer,

aluminum, copper, lead, zinc, etc.) are major users of energy resources. They ,

also frequently generate energy (steam or electric'power) for their own u* or

for sale. In addition they produce wastes (slag, stack gases, and warm water

from various process cooling.devices) that must be disposed of in an environ-

mentally acceptable manner. In the past, metal smelters have generally been

located away from centers of high population density because of problems

associated with their effluents:

With the growing recognition'of the needto capture effluents from both

metal smelters and fuel-burning central power stations, there is good reasu

to consider the possible symbiotic advantages that might accrue from side-by-

side location of these plants on the fringes of major population centers.

Warm water produced from both plants, that now contributes to thermalTollu-

tion, could be used for space heating in the' nearby community. Waste heat

and by- product fuel .(blast furnace gas, fot example) from,smelting could be

used for power generation. combination of the gaseous effluents from both

plants might lead to economies in treatment for removal of particulates and

sulfur dioxide. lt-might.he possible to use high-sulfur coal as a. fuel in

the'first stage of smelting with,theproduction of a. sulfur-free fuel gas fpr ,

power generation. ,N

Recommendation F.5'. The possible symbiotic advantages of

joining the functions of metal smelting, power generation, and

municipal space heating in a single plant (or side-by-side plants)

should be explored.

Another area in primary metal pro*ction in which considerable savings

in overall energy expenditures might be accomplished concerns direct'process-

ing from the melt to such Finished metal shapes as sheet, rod, and tube. Con-

.
tinuous casting processes have gained considerable acceptance for certain

metals and stock shapes but thesprinciple needs to be.extended more widely.

Clearly such processes avoid the energy-wasteful cooling and reheating stages

-associated with conventional ingot manufacture followed by deformation

*processing. Aft*.

Recommendation F.4. Research should be intensified on methods

of direct processing from melt to finished stock shapes.

o
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High capital cosiNfor extractive metallurgy plants deters adoption of
already proven new proce and research and development directed toward
improved processes. Recommondation 7, from Part I of this' report, speaks to
the need in this area.

G. RECYCLING

Efficient recycling/Of materials from industrial and municipal waste has
become recognized as a/Major opportunity for conservation of materials,
energy, and the environment. The greafer the number of product- cycles mater-
ials can be Put through the less the demand on,prime resources. ft is helpful
to think of industrial and munticiipal wastes as a- novel form of ore but one
whiclp is quite widely dispersed and therefore lean,Ospecially the municipal
wastes. \The ineff'fdient, energy-consuming proCess is the collection and
concentration ofIthe waste, a process which is more seciatthan technical
though it has o be done whether or not values are recovered from the waste.
The costs of this stage may make the whole recycling operation noncompetitive
with primary sources of materialsunless subsidized (e.g.. by calling it
"garbage collection ") or:nelped with other financial incentives. If the
collection and concentration processwan be carried out efficiently so that
recovery percentages from wastes are very high, and if the recovery processes
are flexible enough to adapt to the variable content of wastes, recycling
can make a very important contribution to the conservation of materials. It

must be recognized, though, that recycling cannot meet the needs of growing
consumption--in full operation the recycling of material is limited to the
total amount of material that was used in products at a time earlier, by the
average product lifetime.

Every operation in the mate cycle generates wastes but the wastes
remain relatively locafized4tPtO,the s age of finished, manufactured
products. Thereafter they get disperses through use and become the lean ores
referred to above. The industrial wastes up to this point are, in contrast;
relatively rich ores and in many cases already there is efficient recycling.
For oxamNe, metal scraps resulting from cutting and forming operations an
manufactUring.lines are easily collected and returned to the furnaces for
recasting-, 'etc.', and it 'is usually highly attractive, economically, to do so.,
For other industrial wastes, sucA, as,spent plating. bath solutions and other
chemicals, collection is again

such
quite straightforward as are Tetreat-

ment technologies, though they heed to be carried opt much more intensively,
than. has been customary.

While there are countless opportunities for incremental improvements in
recycling technology, the principal areas in the materials cycle'where
attention needs to be paid concern: (a) the enormous and growing piles of
waste associated with mining and smelting operations, (b) the treatment of
municipal waste, and (c) closely related to this, the'designs of Products so
as to facilitate material recovery from muniCipalrwastes..,

7 4
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Mining operations typically generate enormous piles of broken-up rock-
the overburden that had to be removed to get at the mineral-bearing rocks--and

finer-sized tailings from the beneficiation proce-sses. The 4evitable trend

to leaner ores will cause accelerated growth of these wastes: These "wastes"

can often be worked,over again by le?ching,:concentrates can' be re-ground to

recover, other values when economics justify it, and wastes czln be used for

mine fUl. .Nevertheless,,these wastes are crying out for a major use. The

big barrier is economic. The only industry that could Use 'such material on a
massiite scale is perhaps the construction industry and it is the nature of
things that mining, operations are often in places remote from heavy construct-
ion areas, thus posing the problem and expense of transport.

Recommendation G.1. Efforts should/be directed towards
,levelOping economic uses for mine wastes and tailings. Construct-

ion materials may offer the best prospects for such wastes. In

some cases perhaps a relatively minor additional crushing and

compacting will suffice'to make suitable aggregates. Or new

.processes may have to be devised to form suitable compositions

and shapes.

1

The practicalities and economics of Setting up ,collection systems are
probably the main obstacles to the efficient reclamation of municipal wastes.

Various approaches such as subsidies, publicity campaigns, regulation, and so

on, need to be experimented with to,enCourage collection sys-tems. But the

main technical problems concern the sorting and segitgation of wastes. Waste

streams should be kept as separate asTpossible ia.order,to,simplify recycle,

reuse, or disposal. There is much scope and need for automation in waste
-handlingsensors which can detect specific materials or products; and servo-

mechanisms which can carry out their mechanical collection and sorting. T1

types of sensors and servomechanismis mayvary 'according to the nature of the

waste streams. Much can be done with contemporary technology, including
magnetic separation, air or water separation of organics, screening, optical

sorting, electrostatic separation, leaching, and hand-picking, but neverthe-

less it is felt that this area would benefit from more intensive attention.

by scientists and engineers from various,sdisciplines. ,

Recommendation G.2. Automation methods applicable to more
complete collection, sorting, and segregation of municipal waste

need to be developed. Novel sensors, sensitive not only to

material contents but to shapes-of objects are needed as.weZZ
Azs various forme of servomechanisms.

A major form of municipal waste and source of useful.materials,:but one
which has not received as muchattenfion as it deserves, is that Whicfr

results from building demolition. While reasonable effort may go intO re-

covering the metals used in buildings =- girders, plumbing, heating and] air

conditioning equipment, for example -- relatively little heed is paid to the

plasticswall and floor coverings, plastic pipes--or to the masonry; much

of which 'could be reused rather than end up as landfill.

7 5
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Recommendation.G.3. While it is important to design buildings
gfor loner life and nlower maintenance costs, ways need to be found

of improving the reovery of material values from buildings once
thelr w;cful 00CP:

Certain Classes of sepzvat ion of municipal wast6s are relatively easy to
acLieve. The combustible materials, for example, can be largely isolated
from the noncombustible ones and used as fuels if tar nothing else. Plastic,
metal, and ceramic objects aril also relatively easy to separate from one
another. Sepration.becomes more difficult when these materials are joined
to each other in equipment, as in household appliances, automobiles, etc.
Adhesive bonding, welding, and composite structures payticujafly warrant
attention, From the disposal point of hew, especially at the initial stage in
product deSign. There is room NI- the development of improved "beneficiation"
and "extraction" processes for treating these complex "ores," depending on the
nature of the junk to he treated.

Recommendation G..1. Intensified effort is needed to find
n,/,,. .Trt,./ent methofls of.separating various_ classes (metals,
:.7wtis, ,yramlon) of industrial materials that are joined tO
,.1.,;/ othcr in junk equipment.

Separation of different classes of materials, awkward though it may often
be, i. generally more straightforward than separation within.Material
classeS--i.e. one metal or alloy from another, one plastic from another.
Often, for example,-the various metals get mixed up together and then it is
the task in the recycling process to 'separate into-the various constituent
elemental materials the relatively mixed-up "alloys." There is considerable
eed fOr improved separation technology in these situations.

eleMental materials needs o be intensified. Adhesive bonds,

ResearchRecommendation G.5. R to find efficient ways of
separating intimate mixtu es of metals into their component

welds, and composite structures require particular emphasis.
Alternatively, for intradtible mixtures efficient shredders
need to be developed to facilitate more efficient extraction
processes or incineration.

In many cases it proves impractical to perform very complete separation
of alloys. What results then is often a degraded alloy, i.e. admixtures of
other elements or impurities to the original material resulting in an alloy
of slightly different composition and, in consequence, poorer properties
(such as strength, electrical resistivity). *Such. degraded alloys may not be
suitable for reuse in theiroriginal types of application but nevertheless
may still he completely suitable for Jess demanding applications. Further
degr.adation can result at each recycle so that tp maximize th effective use
of such materials there needs to be a whole cascade of succe ively less '

demanding applications:
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Recommendation G.6. Research .net?ds to be undertaken both on

the upgrading and repurification of degraded alloys and plastics

and `on the properties of degraded alloys and plastics so that their

prospective applications may bey more readily identified.

Composite materials carp pose particuthrly difficult-problems for re-

cycling.

Recommendation G.7: Research is needed on efficient ways for

recycling or reclaiming Material values from composite materials.

Such mateials include composites of dissimilar materials (e.g.

.glass-fiber reinforced plastic, metal-clad plastic laminates)
and composites of similar classes of materials (e.g. epoxy
impregnated synthetic. fiber boards, copper-clad aluminum wire)..

The recycling of plastic Materials is taking on increased importance

because of their dependence on oil supplies. Plastics, rubber, and synthetic

fibers can often be depolymerized and the various monomers recovered for

reuse as feedstock (though this is exPensive) or for use as fuel. The .fuel

value of unsegregated discarded plastic probably exceeds the replacement cost

but if the plastics could be sorted they could be more valuable.

Recommendation G.8. There,isCneed for increasing research

on me hods of identifying and sorting plastics and of recovering

material monomer values from them. Standardization-of plastic

compositions Shoug be encouraged to facilitate recycling.

The recycling of glass has so far been largely inhibited by unattractive

economics but as this situation chahges various technical problems must be

addresSed. Glass is colour-mixed, and contains rocks, metal chips and

ceramics no matter how well'cleaned,. These do not dissone but weaken the

glaSs. in the broader arena of ceramics there is again no recycling in

general because of the problems of keeping the types separate and the

chemical changes. that take place on firing. Waste glass and ceramics are

not very important for aggregate either because of the low costs of primary

sources. However, if some of the collection costs can-12e internalized or

covered by other incentives the technical problems would oftengappear

tractable. Furthermore, it takes less energy-to melt scrap glass (cullet)

than to make new glass.

Recommendation G.9. Research needs to be intensified on

ways of Sorting glass and ceramic wastes and for recovering

material values from them. '

While More "an institutional problem than a technical one the whole area

of waste collection in order to facilitate material recycling and conservation

needs special attention.

7r.
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Recommendation G.10. Federal, state and local governments
are urged to take steps and develop incentives to encourage the
collection and processing of wastes. Examples of possible-,
measures include demonstration projects, development efforts,
design competitions, subsidies, publicity campaigns, regulation,-
and so on. It is particularly desirable for waste handling and
recycling to be arranged so as to capture, insofar as possible,
the economies and technological advantages that accrue to large,
integrated scales of operation.

11. PRODUCT DESIGN

Product design can have a very direct bearing on material conservation.
increasingly important elements in product design are,: design to minimize
dispersal of scarce materials; design to facilitate product dismantlement
and material. reclamation; de'sign to employ, wherever possible, more abundant
materials instead of scarce. ones, materials, from renewable resources rather
than from nonrenewable ones, and less 'environmentally offensive. materials for
those more so. In many of these area's the designer will often be responding
to material costs. Opportunities for substitutes will beconsidered in
subsequent sections.

Product design also has a direct influence on the choic.e of manufactur-
ing methods to make the product. The-designershould ensure,Altherefore, that
as far as possible he develops designs' which can be made usin the;Manufactur-
ing_methods which axe most economical in materials and energy) particularly
those which lead directly from the fluid state to the finished sha e or

°
piece-part.

5
Whatever tactis the product designer uses to economize on materials, the

limits to.his success depend ultimately onthe preci"sion of his knowledge of
the properties of the materials he is using, including their variability.
Depending on the application, the designer may have to know accurately the
physical, chemical, mechanical, and biological properties so that he may
design to the desired levels of reliability, durability; serviceability, and

. safety. In addition to initial strength; electrical, optical, magnetic, or
thermal properties, he must usually take into account wear, friction, fatigue;
and fracture; also chemical reactivities, corrosion-resistance, klammability;
and, increasingly, such properties as toxicity, rot resistance, or bio-
degradability. All this implies that there,are greater needs than ever before
for methods and techniques, especially nondestructive ones, for accurately
and rapidly characterizing, analyzing, testing; and age - testing materials,
and providing.information pertinent to their behavior in working environ- "
ments.

Recommendation 1 -1.1. A set of principles of product design for
facilitating material recovery at the end of the product life
should be developed. Examples of such principles include avoidance
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of use of scarce materials in ways that Zead to their dispersal,
czs in coatings for instance; and avoidance 4,f certain juxta-

positions of metals whickare difficult to separate.

While the designer must know the variability of the materials he plans to

use in the properties of critical interest to -him, the importance of providing

him with moxe_reproducible materials needs to be emphasized. The coStrben6fit

trade-off in be-fter reproducibility should be carefully examined4 Do we

even know what safety factors, limiting properties, and so on,the designer

-uses?' What does'he asSumeabout the effects of welding, plating,and other
process steps,on these proPelAes? In short, how overly conservative are our

designs and hence materials-wast''e 1?

Rocommendation.2. inuing research must be adequately

supported on. furthering basic'wtlestanding.of the physicall
mechanical, chemical, and biologtcal properties of materials,
the relation of these properties to manufacturing pPocesses,
particularly their relation to product perTormance under service ils_4,_

conditi6na, and on finding thereby materials with improved
performance properties. Improveortechniques are-needed for rapid

and accurate determination of these properties as .well as for

determining what properties,are needed to meet service conditions.

Recommendation H.3. It is recommended that an important
contribution to materials conservation and wastage reduction can'

\ come from designing products and struCturesto performance and
conservation specifications, rather tin to specified mater als,
constructional detailsand methods- Emphasis needs to, be placed

on finding ways to design products for sustained performer ces
improved durability, maintainability, safety, and recycles ility.

o

I

[. SUBSTITUTE MATERIALS i

i

o / .

Material substitution is not a recent concern of technology. ,'T adition-

ally,there has been the push-pull relationship between materials and

..) technoloty: development of improved materials provides push to developing

new or improved products; new, more ainbitious engineering a d product object

ives provide demantror pull on the° materials. sector to come up with new or

improved materials. The principal criteria 'for the materia s in optimizing

i

the material- product relationships are performance and cost. These will

remain the principal cmiteria but the ground -rules are. cha ging: performance

criteria extend increasingly to include reliability, durability, safety, and

impacts 'on man's health and environment; costs are being d iven upwards by

theseBore complex verformance criteria and also by the in reasing scarcities

of certain materials and the energy and environmental costs associated with
,

them.

The search for superibr materials must carry on unabated. Simply to

sustain man's standard 6T living, het alone\,ad7nce it, calls for superior

7 9
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products to meet he.pressurqt4:of growing PopulatiOn, and concerns over
envdronmental impact. _Tougher, stronger, high-temperature corrosion resist-
ant materials are required for higher efficiency gas turbine power generators;
first-wall material able to withstand' extreme heat and radiation environs
ments of thermo-nuclear fusion devices; superconductors with higher transition
temperatures; implant materials more inert to body fluids, more transparent
glass for communicating via optical waveguides; haIder-wearing tool materials
for drilling, mining and manufacturing machinery, and so on. The list is
endless; there will always be the need to push against the constraints of
contemporary property- performance levels of materials. This is the tradition-
al aim in developing substitutes to meet specific product and performance
specifications.

Sometimes substitutes-appear from unexpected and radically new advances
in materials science or materials technology--e.g. the prospect of catalysts
based on relatively'abundant oxide compounds rather than platinum; the
development of fiberglass and of pyroceram; the discovery of the properties
of semiconductor crystals and the method of zone refining; the discovery:of
superconductors capable of carrying high electrical currents. But such
instances-are relatively rare and usually difficult to foresee. More often,
materials with superior properties come about through steady, patient research
and development generating a whole series of incremental improvements; it
would be unwise to assume that there will always be sudden, dramatic break-
throughs in materials science and'engineering which will alleviate the
shortage-induced stresses as they occur. As certain elemental materials / y,
become scarcer and more expensive we will be forced back on to a reduced range
of raw ingredients'out of which to concoct the industrial materials needed
by our society. The process will ,be gradual, but in order to meet shortages
that may be serious 20 years from now it is necessary to pursue continuously
research programs aimed at developing industrial materials with suitable '

properties out of the more abundant raw materials. We cannot emphasize too
strongly that the discovery and development of new and improved materials as
possible substitutes for existing ones takes time and that the process is
generally driven by clearly perceived functional objectives rather than by
ill-placed optimism that "something will turn up when the crunch comes."

A seriousquestion is how the nation can develop substitute materials in
the absence of contemporary economic incentives to do so. The development
of Substitute materials, including' energy materials, to the point of meaning-
ful availability, may require a great deal of capital and years of lead time
whether done by industry alone or through subsidies, or by - government itself,
the payoff comes only through production and consumption; it may therefore
seem costly to hold substitute technologieson the shelf and it could be
impossible if the development method chosen has includeda guaranteed
domestic market, for.the substitute materjar. The vexing questions of (1)
how society should choose among alternative R D investments designed to
produce substitutes for°scarce materials, (2) what are effective Oays of
'leveloping substitutes to the point of significant availability without being
forced to use them,',A.nd (3) how the costs of doing this should be allocated
and paid, need to be .given serious attention.

.
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It is perhaps instructive /to look at an example of how clOsely related
sorts. of problems are approached by the major commUnications, company. Faced

with constantly growing demands for and improved communications
services, and .with a'reasonable assurance of a continuing. responsibility for
supplying these services on a national scale, the' Bell,System has- contin-
uously practiced. an R & D poliEy of developing substitute technolOgies
sufficiently ahead of time so that they would be adequately developed and
ready for-production when customer, demand required them. Research programs

in solid state science (which led to the transistor), in microwave trans
.mission, in s'atelrite communications, and in optical communications'were all
initiated many years, even decade's, in advance of the time when it would be
necessary, and economic, to have the new technologies ready to'substitute for
older ones. No doubt similar examples of farsighted R & D programs could be
cited from other large, well established industrial concerns., The fact that
there are also many large companies which, for various reasons, have not made
a practice of long-term R F, D does not vitiate the argument. As Huddle

has noted: (See Appendix of Source Material)

T1 e difficulties are encountered-in substituting one material for

anotl r...: (1) that of the sheer complexity of designing around highly
)eclalized uses of a wide variety of materials in highly sophisticated

hardware and systems; like the telephonel-television, computer, electric
light, photocopies, gasoline pump, and Manyomore; (2) t.of achieving
innunietabistitutions of single materials used in manPdifferent combin-
ations, as for-bxample the replacement of chromium With other materials in
literally thousands of alloys employed inlillions,of engineering appli-
cationsand (3) that of finding a material available in the sheer volume of

,abundance, as well as suitable in.performance,, to replace such very large
volume materials as steel...or aluminum...or petroleum.

The principal strategies for developing_substitutes would appear to be:

1.: Identify threatened materials.

The threat, short- or 4ong-term shortages, may be through economic,
military, or political -actions by'other nations, price mismanagement
short-sighted fiscal policies, environmental legislation, the hazards of

transport dislocations, labor troubles, and many more including
Simply a real vorld7wide shortage of the material.

2. :Identify both critical and major .uses.

For some mateTials, such as helium and mercury, nb substitutes materials

may be possible. Many applications depend critically on certain materials,

e.g. palladium for contacts in telephone switch-gear, platinum for catalysts

and chemical processing, gold for integrated circuits, chromium for stainless

steel. The major uses of certain-materials are in particular areas, e.g.
copper for electrical equipment, tungsten for mining,' construction and metal-

working machinery, gold for jewelry, tin for tinplate.
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3. (1) Minimize dispersive uses of threatened materials

(ii) Maximize recoverability

(iii) Devlop substitutes for critical and major applicatigns

The first. two of these' ave been covere \elsewhere in this report. The
rest of this section will add ess the areas where substitutes appear most
urgently required. Guidance is given by various official sources of informa-
tion on mineral reserves, resources, and Consumption rateP. These data may be
approximate but they are the best.ye have to guide scientists and engineers .in
choosing their research strategies for substitutes.

Unique Materials

Helium remains liquid to a lower temperature than any other gas or
liquid. For the ultimate.in cooling applications it has no substitute. As

:7the essential coolant for getting most superconductors to superconduct it may
prove indi pensable for future energy generation and transmission technologies
using erconductors to create intense, large-volume magnetic fields and for
tra smislionlines. For those superconductors that achieve the highest trans-
tiontemptratures, liquid-hydrogip can be used as :a substitute for'heliuM
and further research may'leadto practical supercoAductors that can be used
at temperaturewhi,th alleviate our dependence on helium. But because, energy
is so vital, helium s old be conserved and used frugally.,

Recommendation IA. ,Dispersive uses of helium should be
minimized, wasteful practices discouraged, alternatives found,
as they can be';'for most aseb (such as in arc welding; purging
rockets and spaceships), and conservation practiced, generally.

Mercury is the only element that is a metallic liquid at room tempera-
,

ture. There is no direCtsubstittite'for it in mercury- wetted switches. SUb-
stitutes for these switches, for example solid.state switches, would.have,to
be developed if mercury were unavailable. Substitutes for'merCdry in'its"
other applications, such as in thermometgys, batteries and chemicals,'need
to be developpd as the limited world supply of mercury and its environffental
and health problems place it on the threatened list. '

Recommendation 1.2. Material or product substitutions need'to
be developed fora those applications which use mdrcury.

Asbestos, has unilbe fibrous structuw which makes it*useful in various
applications; in brake linings, gaskets,Tand particularly in construction *
materials. ,Health hazards associated with asbestos dust maRe it necessary to
search for uses which do not create aerial dust and fdr acceptable substi-
tutes.

8 c'
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RecoMmendation Research sh,Juld be undertaken to

devclor ynthotic materials which would 10 suitable subtitutes
WiZ,'W none exist.

Specialty Metals

A number of specialty metals can be placed on the threatened list. Thos&

fo.'r which substitutes would be highly desirable (set also Appendixes A, E)
but are not necessarily limited to:

Chromium (HV)--for stainless steel,Nitlo,y,s , high-temperature alloys;

Golc (V)--for electrical devfces;
\

tinum (V)--for catalysts and electrical devices;

Pal dium (V)--for catalysts and electrical devices;

Tin (S)-- solderrp and bronzes;

(V denotes vulnerability of.U.S. to policies of"other nations; IIV indicates
unusually-high vulnerability; S denotes a potential general world-wide
shortage.)

Recommendation 1.4. Research should be undertaken to develop
substitutes for materials in which the United States is deficient
in resources, such as chromium, gold, platinum, r lladium, tin,

and their alloys in the context of the 'r major app cations The

list of "threatened" materials should be reviewed pe 'odically.
'Materials-for which the need for developing substitute, needs to
be carefully assessed include: antimony, tungsten, ,vanadium,

silver and zinc.

Bulk Metals

No severe shortages in the bulk metals appear threatening yet. Limita-

tiens may eventually result from energy requirements for mining and extract-

ing and the-:associated, envirdpmental problems. Copper is the neaYest-to
being threatened qougli world -wide and sea-bed resources 'are still, fadrly

iarge-. It is the best material.for electrical applications and 'if serious

supply problems were to develop it may'hecome prudent to discoutage'its use
in other applications, e.g. plumbing, cir radiators, where substitutes are

-\ relatively easy to use, or devOop. _Even for electtical-applicatidris aluminum

can often to substituted but in the long-term there is some uncertainty over
the adequacy of supplies of this metal, particularly,if deriVed from bauxite.
The/United States has only low -grade aluminum-bearing ores and has to depend
on overseas suppliers. though there rare many processes whose current economic

value is borderline but which are capable of extracting aluminum from

,0
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nonbauxite or s. The possibility t.hat the. cqpper-producing L'ountries could
Ambine with tl* aluminum-proekic4ng ones to manipulate the market In the
shortterm should for.-For. the foreseeable future, however, we can
expect. to see a cvntinual see - sawing, hack and forth between copper and
aluminum as they eompete, with each other in the supply-demand arena. From the
engineer's :4tandpotnt the primary need is to achieve and maintain flexibility
of product design so that cynsumption patterns can be shifted correspondingly
to meet changing supply situations. .

7

Ceramics and Glass
37'

X

Amidst 311 the_ concern over impending scarcitt9 of metals the kl2undance
of raw. aaterials.for ceramics is in sharp contrast. 1 le challenge is 60
develop a wider range of ceramic\Oaterials witha. correspondingly wider range
of useful properties. This challenge contains a particularly strong tech-
nological dimension. ,Exciting possibilities can be sensed in the progress
towards' building turbines for automobiles out of silicon nitride and related
reumics based on abundant materials. Examples of potential applications
I'or new and improved ceramics and glasses, or opportunities for "grea:ter use
of such materials if they can be made more cheaply by improved processes
include: glass or other ceramic fibers for asbestos; briCks_ replacVng wood
and steel in building construction;'ceramic (rather than asbestos) in vinyl
for wall rind floor tiles replacing pure plastics; concrete instead of metal
for sewers and other' pipes; lightweight ceramic aggregates for concrete,

,ceramic or glass, bottles, cookware, tablewam, industrial piping and 'plumb-
ing, piece parts such as door knobs replacing plastics and metals, porce-
lain enamels for huilding panels; ceramic cutting tools; superstrength
ceramics for turbine buckets and,auto engines; glass optical waveguides for
communications.

HRecommendation [.5. Intensive research should be undertaken
aimed at extending the range of useful ceramic and glass materials

'7'1194znd at deve ping economic processes. for producing them., Parti:0-

oularl?i4esirable are ceramic, and glass materials with greater
luetility%and fracture toughness. Engineering research qhduld also
be undertaken to. improve our ability to design structures .U,sing
brittle materials.

Plastics"-

Petroleum is the rau material base for the major part of petrochemicals
and plastics production though,,:this representgonly afew perceht of total oil
consumption: Though oil supplies may become increasingly critii,dal higp
priority is likely to bT5>g.ven, as in the present oil crisis, tothe petro-
chemical industry on account of the widespread and complete dependence that

`- industry and society has come to Place on plastics. ,In view,of the likeli-
hood of ertornative sources of raw materials basedon shale'oil and-coal, the

E.
la

pre'Spects of shortages of plastics do not appO4T to., threatening. In
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consequence, the abundance of pl"tics as a class may perhaps he regarded as

falling between that af the scarcer metals on the one hand and the more

almndailt ones and cvramie s on the othe'r. Thus, it is appropriate to seek

opportunities for plastics to uhstitnte, irk applications where the scarcer

metals are normally used white at the same time seeJ.ing ceramics to substitute

'for the plastics. J;or example, industrial piping made of 'chromium-containing

stainless steel might he replaced he plastic pipes but in turn, these might

he replaced by ceramics and glass.

No completely new major cLases of plastics can anticipated any more

than new major classes of metals with novel composition. an be But, as

with metals and their alloys there are considerable opportunities for devel-

oping plastic "alloys" with- various physical, chemical, and biological

properties by blending different types and amounts of polymers.

Recommend a t i 011 1 . 6 . Resear.,h should be supported aimed at

extena7ng (ho range of prope'rt: TV plastic materials to'make
lhem e'en mon, 0,w(Iti1,- for engineering applications. Particular

7m , h 1,3 i u, ', ',/:3 t,, ) b,' p, if, i to ) ;31: yrij th, flamtnab z: ti ty, durability, .
i.'vid biological ha::ards..

. As a long-term resource base for plastic~, oil-. seems limited and it

remains to he seen what scale of supply may he easible from shale oil and

coat. One other possible source of organic raw rikterialS is,wood. The
"-..

world's forests are treated rather casually at pres nt but 1v4ith careful

husbandry, long-range planning, and less wasteful pra7tices1' could

provide a renewable resource of both eDgineering materials and r anic raw

/ materials at acceptable levels of ecological impact. Fn rm titles of
,.

lignin, the binding agent in wood that holds the cellulos ars tb.lier,.'

are now wasted. This class of materials offers. promise as an organiC,fdac_.

stock as well as a liquid hydrocarbon Fuel material: Howev r, to date,Apro-,--

cesses for obtaining organic feedstocks from. wood have not een competitive

-\

If

eN omically, with petroleum-based processes. %.
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Recommendation f.7. Research should be intensified to find

economic processes for converting vegetation, particularly fro
forests, into raw materials for use as c, base for plastic liThe

studies should include not only the chemical processes thatirnight'

be used to produce monomers and alcohols but also-the-range of

plastics and their properties that could be obtained from a

natural organic base. An irn?ortant additional- need is to asses

the e&Jlogical and enuironmepktal consequences of using. the ....

forests as resources so that \/ upper limit to operations might-

be established. \
'

0
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Wood
riv

Besides the possible uses just referred to, wood is an important engin=
eoring.material. it is used in,vast quantities (greater tonnages than all
metals combined) for building constructiorLand furniture. Scraps,, cuttings,
trimmings, shavings and sawdustresultingTrom wood operations are'used for
making chip boards and other composites though more often these materials
are wasted or uselessly burnt. Large quantities of wood are also used for
making paper and cardboard. Perhaps the major problems with wood as an
engineering material are its variability, though much has been done recently
to reduce this by sorting; using nondestructive testing techniques, and its
tendency to deteriorate, rot, burn, and weather.

Recommendation 1.8. Research needs to be extended on ways of
growing more uniform and defect-free grades of wood. Eff,orts'are
needed to develop more, economically viable uses for wood scraps,
particularly for oomposite materials to be used as replacements for
other constructional or structural materials in 'short supply. And
research should be supported on ways to make wood and wooden
products more durable and resistant to rot, fire, and weather.

Composites

Structurally weak materials such as most plastics can often be strength-
ened,by embedding in them networks of strong 'fibers. Fiberglass is perhaps
the most familiar example. Other means of 'strengthening materials are based
on"dipersions of hard particles (as in cbncrete) or precipitates (as in
Many metal alloys). Fiber or particle strengthened materials, often called
composites, can offer impressive improvements in strength-to-Weight ratios
over,the bulk material and by-the same token offer important opportunities
for considerable weight and material saving. The nature of composites is
that each component can be used to meet specific parts of the overall demand
on thc piece (such.as radial-ply tires which have the differeht loads handled
by, diPferent plies; clad"metals (and'pLated ones); cemented-carbide tools;
-enamelware in general; Revere ware; etc.). Composites find' application in
construction materials, boat hulls (fiber reinforced "plastics and ferro-
conCi-ete), car bodies, aircraft (where weight. is at a premium)'to nam%, just a-

. few.

Sandwich structure's are anothet common form of composite materials.
Plywood, is perhaps the classic example, in which superior strength arid
ity is achieved over asimple sheet of wood ofhe same thickness by'lamin-
ating. together thiwn.sheets"of wood with their grains running in different
directions. The outer' layer which may'be exposed to weather and view can be
of higher quality and more pleasing appearance thar he inner lakers_ Recent
year's have seen the development of plastics, many of ich closely simulate
the color patter of wood, for these outer surfaces Con heap wood) for_
quite.durable use 1 interior decorating and furniture.

.
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"Of particular significance is the new awareness that the behavior of
composites derives not\onty from the, combination of materials of different
compositions, but also from structural and geometrical characteristics as
well. Thus we are not liPtited to uniform or regular diStribution of the

constituents. The distribution of the constituents can be random or

oriented. (AJso, the distributio can be nonrepetitive to form gradient
composites, to provide different pro erties\or property values in various
zones.oe the composite: Therefore, the posSible combinations are endless;,
and by proper choice of materials and constituents, distribution and arrange-
ment of the structural constituents, we can design property systems to meet

Specific engineering needs." (Clausner, 1970)

There are some problems; composites may be troublesome to join and also, I

they may be more difficult to recycle. These problems have to be traded -off

against their performance and initialt,material-saving advantages.

Recommendation 1.9. Research is needed-to extend the range
and properties oicomposite materials available for engineering

uses. Particular emphaSis should be placed on developing
composites based on the more abundant materials, and methods of
joining and recycling them.

) namic or Fundamental Materials

Material _a+- uS ally thought of as rather passive, 'inert parts of a,

product, de ce, -or truCtUre, tha in themselves do net pbrform active .

functions., But this view is chan ng; increasingly materials are being used

in active, dynamic rel- juoting Clausner (1970), "It is through

this dyRamic or functional appro h to materials that perhaps the greattest

advances in materials effectivenes_ will be made."
,tr

An example of t is meant by a- name or functional material is given

by the'recently de'elop- ,dformable "cax bumpers which absorb the impact of

a.crash and revert :to the inal shape afterwards. They,sAstitute

for much more complex structure y,olving bump s working on hydraulic cylin-

der systems. Anotlier example is the ablating nose Q. ne on space reentry

vehicles.

Some Of the most sophisticated examples of dynamic materials come f

solid state electronics. The silicon integrated cit-uit chip isbasicall
single.piece of material (siliCon) which has been subjected to an, extremely

Complex, sequenceOf processing stePS; numbering-perhaps a hundred or more, t

,PrcOuce impurity, alloy,and surface oxide configurations on the silicon chip

with a precision of quantitative and spatial control that is-unmatched ,,in any

other area of technology and'is perhaps surpassed only by nature's structures

for handling signals and information in the nervous system. These minute,

prOcessedrpieces ofsilicon;. whichwoUld hardly be noticed as a speck of dust. '

in the eye, when wires and voltages are applied to them, cag,be amplifiers,

e-)
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memory units, switches, and many other functional devices, They replace
older contr;iption5 made of vacuum tubes, sockets, capacitor!$, resistors, wires,
support structures, transformers. The material savings are enormous (n,
million- to a billiOn-fold) as well as the sAings in energy needed to'
operate the device.

One final example is also from communications--th,c prospect of optical
communications in whicbtelephone'and data signals are sent along glass fiber,
optical waveguides instead of as eJectrica,t signals along metal wires and
cables. The optical waveguide, made of ultra-pure glass and as fine ,as a
human hair, promises much greater. signal carrying capacity than its metal

acdunterparts. :To get some ide of the purity of the glass, i.f ocean Water
were as clear one could see to the bottom of the deepest oceans. 'the light
wave caro,ing the signal travels along'the centre of the fiber, being con-.
fined' there by a p.v2ciselyLcontrolled radial distribution of impurities
which in turn cause n. radial 1,4ariation in the refractive index. The outer
part-of the fiber serves, as.supRort and protection, Thus, -the properly -
processed piece of ,glasstakes"the place of a. wire made of metal (usually.
copper) and insulation (paper,or.polyethylene); a. bundle,of fibers can take
the place of a cable consisting of many hundreis of Wires.

The above exa )1es.give glimpses of the potential of imaginative,
materials and func0 na-l-matcriais design which can have dramatii.c impact on
materials'usage pat OrnsT It is this sort of imagination and ilgenuity"that
will be needed increasingly tb help meet future materials supply and'energy.
constraints. But how ''cpn imagination be taught or. cultivated?
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.STIMATlON OF MINERAL RESERVES AND RESOURCES
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CHAPTER IV
INTRODUCTION TO SECTION II

The Supply Panel of COMRATE examined methods of resource estimation and
the quality of current resource estimates. At a time when the future\
adequacy of mineral\ supplies is being questioned, and the United States is

becomirng'increasingly dependent on sources of minerar8 abroad, it,is essential
that the best possible estimates of reserves and resources be ffailable. Such

estimates are'the first basis for national policy with respet to minerals.

It is true thdt\almost every mineral cOM id ty presentl its own problems

of resource estimati n. A. comprehensive survi& resource estimates, for all

mineral8, however, was beyond the scope of the l, The Panel these,
instead, to examine estimates for two important groups of resources, fossil

fuels'-and copper. The two groups of resources differ markedly in geological '0

characteristics and offer very different problems of resource estimation.
Studies of the two should serve, therefore, to discover major aspects of the

general problem of resource estimation. Two subpanels'wereset up'. 'Chapter

V gives the findingsof tHeaubpanel on Fossil Tuel Resources, and Chapter VI

the'findings,of-the ,Libpailel. on Copper Resources. .

During studies k y th,e panels', information was accumulatbef.not only on
'resources of fpssil .uels,and.copper but also oft rates of Which petroleum,

natul.al gas, and cop ermayj)e aVailable from heresodrceS. This information

is included in theAxne14'reports:

GENERA.6.CONC USIONS

Two general conclusions emerged:

1., information on reserves and resources of minerals today is in many

different handS Auch information is available in government files, but

much is in the hands of private organizationswho_haveacquired it through

large expense and years of effort in mineral exploration and:development and/

studies, national,orworIdwide in scope, of resource'S. of' commodities of

'interest to them.- 61.c.rent resou e estimates could be greatly improved .if

these two categories of informa on could be brought togerher.ih such `a
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and in such timing, that a running lavcintory of resources coure main-
/1tained. There are, however, difficult problems involved. Among them is the

problem of preserving confidentiality of data that have been acquired at
private expense and constitute important assets of organizations that have
Obtained them.

As a basis for national planning, resource estimates for many min-
erals are seriously deficient in. that they say little about 'the economics
of mineral production and possible rates of mineral production: This is
especially brought out by the Study of copper. United States copper reserves
are in excess of 40' times current annual production of new copper, yet there
is serjeus question!whethereurrent rates of domestic copper production can be
maintained to the-en b of the cehtury. When future availability of minerals
is in question,estimates of resources in the ground are a first bffsis of
approach,. but such estimates must be supplemented by engineering and economic
studies of factors that determine rates of mineral production and processing.



CHAPTER V
RESOURcliSOF'THE FOSSIL FUELS

INTRODUCTION

-The subpanel on Fossil -Fuel Resources examined estimates of.United States

and world resources of petroleum and natural gas, tar sands,. oil shales, and

coal,

"'-An attempt has been made to standardize terminology thrOughout, this :

stud,y,ofollowing the simpler of the guidelinis suggested by AcKelvey (1972)

'and'Theobald,' Schweinfurth, and Duncan (1912).' The term reserves

stricted to materia that cah be extracted economically from deposits of

known extent using. co ventional methods. The term resources is used for

materials .that occur deposits that either have not yet been disAvered

(undiscovered re ves) or in deposits for which technology is not yet

available (w er too debp,'Or concentrations too .low for... economical recovery

at presen

coMpanying the report a e maps dAigned to show annual production,

reserves, and undiscove d resources of fossil fuels within-different

regions of the world seat-Jo contrast areas of high production,and

as of high consumption. Red stribution of resources' mainly by ship, is

ident. Metric units are used th'rougpeut, but equivalents in English units

e given in parentheses. For o 1, onJmetric ton (tonne) i,s taken as

eldival.entto 75 barrels. Data are for the latest years available. For

any maps separate data for. 1971 1972,,and 1973 are included se as to

kresent recent trends.

Estimation of resources.of p troleum and natural gas is -complicated by

the fact that, while methods for-t e .estimation of proved reserves are well

established, there is no generally accepted method for estimating undis-

covered resources. This is-reflected in a considerable range in estimates

of the latter, particularly estimates of U.S. onshore resources in the lower

48 states. Differences estimates naturally lead to confusion over the

availability of KtroIeum and natural gas ,from domestic sources. This panel

has therefore paid particular attention to .the methods used in arriving at

various estimates. The matter is important because the size of known ana

79
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discoverable resources set on , ability of the U.S. to increase or
even to maintain current.00>,Nof domestic trolcum production during. the
substantial period of tibe necessar' for develop t of alternative sources
of energy.

,

4/,--,....,,,,

Data for reS'erves. iof petroleum and natural gas were taken as far as
possible from published sources or coMpilations in order to avoid prejudic
that might arise frod use of unpublishc compilations in company files. Most
of-the publications are articles in journals and bulletins written for
industry. Government compilations might be considered unbiased by some
readers, but they appear long after each year of dnterest. Only preliminary
estimates are as yet available for 1973. When they do become a ailable, the
data are essentially the same as those of the technical journal . It is'

clear thaok an enormous quantity of public information ;is availa le on oil
and gas ''production and reserves. It must be understood that th term proved
reserves does not include all the hydrocarbons that are expected to be.............,,,,L______

prOduced eventually from discovered oil and gas fields, but only that amount
of hydrocarbon about'which.thereis no question about recoverability.- Pub-
lished data around the world are not availableThn which to base a ``estimated

1%.

amount of hydrOcarbon discovered it not proved, so unpublished d to have
been used to estimate this category of reserves. But in the Unite. States it
is estimated that discovered fields will eventually produce an add tional SO
percent ver and above the cited "proved reserve."

A large amount of information is also available on domestic hycrocarbon
resources in oil shale, and on resources in tar sands of Alberta. Iiftorma-
tion on resources DI oil shales and tar sands elsewhere in the world is-
incomplete and sufficient only to indicate orders of magnitude of these
rcfsourceS.

Methods of estimating coal resources are well developed, involving
standard methods of geological mapping and correlative investigations,
together with sampling by. conventional methods. Estimates of the United
,States resources of coal presented in. the report are those-calculated by. the

t United States Geological Survey on the basis of data from industry, from the
geological surveys of various coal-bearing states, and from its own investi-
gations of U.S. coalfields. The estimates are based'on a large body of
information, and the order of magnitude of U.S. coal reserves and resources
can be considered as well established. There is need, however, for much
additional information on individual coalfields, and for i ormation that
will serve as,a basis for estimates of reserves of coal of variaus*types and
qualities6,

. Information. on the sulfur- content of coals in various fields.is
especially needed in view of the problems of sulfur pollution examined in
Section IN by the environmental panel.

Estimates of world resources of coal are likewise' those calculated by
the U.S. GeologicalSurvey. Data for various continents are somewhat uneven
in quality, but the orders of magnitude of resources in the worTd's'Major
coal producing regions are probably well establiskedas time. It -should
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be noted that data are for,total resources of coal in the ground, roughly

one -half of. which is estimated to be recoverable.

CAclusions

Petroleum and Natural Gas Resources .

1. 'World resources of petroleum and,naiural,gas, discovered resery

and undiscover 7ecoverable resources; will be seriously depletedby the

end- of the century if present trends of world production and consumption

continue. ...-

-2. An estimate of 15 billion tonnes (113,tillion bbl) for United'

States undiscovered,*recorerable res8Orces. of petroleum appears realistic.
.

3. An estimate of"1,5 trillion cu. meters (530 trillion\cu. fn) for

U.S. undiscovered, recoverable. resources of naturalagas appeas realistic. ,3

4. A large increase in U.S.annual production of petroleum and natural

gas is very unlikely. ,/

5. The largest untapped oil resource,
probably in excess of 27 x 10

9

tonnes (202109 .bb.1), is in the' oil in known oil f' lds -of the(United

States. that is unrecoVerable with present technology.

4

6. The second largest', but probably most-accessibre domest'ic oil and

gas resource is under the'cOntinentai-silelv/es.

7. U.S. resources e..fTpetroleUtiViiigliale are e'Rtemely large, but

future rates of production from this source are speculative.

Coal. Resources

8. World and U.S. coal res Are-splus resource. are adequate for's-,

hundreds of years at current or eve doubled rates of-consumption.

We recodmenb

Recommendations

1. That 7, -1zi_ejizof the\ ng lead time ,required for

development of aZte e sOur es of energy, energy policy

place a strong emphasis on c. ation;

0.



2, That research and development aimed -at increasing
recover?] of petroleum from known oil fields be actively
encouraged.

3. That there be speedy investigdtion of the continental
sheives,for oil and .gas resources`.

OIL

Production of Crude and Natural Gas Liquids

Data on annual production of crude oil in the United States and Cabada
are provided by the American Petroleum Institute in 60operation with the
American. Gas Association and the Canadian Petroleum Association (Anonymous,
.1972a, 1973a). However, production data for the other nations of tie world
are assembled by the Oil and Gas Journal,(Anonymous, 19714 1.973d, 1974a) and
they do not appear in government bureau reports until a year or more liter,
when they are published by the Bureau of Mines' International Petroleum
Annual (Southard, 1973, 1974). WIffn published, these data for foreign
production are essentially the same as those given'earlier by the Oil and Gash
Journal. Two secondary sources are the International Petroleum Endclopedia
(McCaslin, 1973a, 1974a) that is edited and published by the Oil and Gas
Journal, and the Minerals Yearbook that is published by the Bureau of Mines:
the statistics in both compilations are essentially the same as the earlier
published ones by the same organizations. Data on natural gas liquids (NGL)
are more difficult to obtain, but he total for crude oil plus NGL production

' during '1971 was 55.3 million ton s 41.5 x 109 bbl) (Albers et al.", 1973,
p. 1, 126, 127) versus 464 million tonnes G3.5 x 1.09 bb-1 for crude oil
alone in the United States.. The tonnages of crude oil plus NGL for SOuth
America during 1971 were 240 versus 226 millions (1.8 v. 1.7 x 109 b1;1).
Infoiimation on NGL for most of the rest of the world is not reported, is,
included with the crude oil, or does not exist because the NGL was flared off
with the natural gas. The world distribution of reported crude oil produc-
tion alone is given by Figure'l for 1971, 1972, and 1973; that for crude oil
plus NGL is given by Figure 2. Annual production of crude oil alone (Figure
1) is concentrated in the Middle East, which, during 1973 produced. about 38
rcent of the world total,: followed by Asia (mainly U.S.S.R.) With 17.1

percent, followed'by the United States with 16.7.percent. This was the first
year that oil production in the United States has not exceeded that in Asia.
In fact, Figure 1 depicts a steady decline in oil production during the three
year period by the United States and a steady increase by.both the, Middle
East and Asia.
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Annual Production of Crude Oil
and Natural, Gas Liquids from Offshore Fields

Productipn of crude oil plus NGL from the continental shelf or other

underwater regions during 1971 was tabulated by Albers, Val. (1973) who

considered Lake Maracaibo (Venezuela) production to be fro& land rather than

from underwater. Data for later production of crude plus NGL are lacking,

so Figure 3 is based upon production of crude oil alone taken from the Oil

and Gas Journal (McCaslin, 1972, 1973b). Unfortunately, the Oil and Ges

Journal listings for crude oil production in underwater parts of other

countries during 1972 and 1973 are only for giant offshore oil fields and not

for all fields (the giant offShore fields contribute about 95 percent of the

total offshore crude oil production). Thus the data for 1971 are not quite

comparable with those for the world during 1972 and 1973. The'main trend

observed in Figure 3 is a steady decrease in offshore production of crude oil

from the continental shelves ef the United States, in contrast with a Blight

increase in production from other underwater areas of the world, averaging

about 18 percent of-total production for the three years. Concentrations.are

in'the Persian Gulf, Lake Maracaibo, Gulf of Mexico, Gulf of Guinea, southern

California, Bass Strait (Australia), .South China and Javaseas,,and the

Caspian Sea in decreasing order of annual production.

Annual. Consumption

Data on annual consumption of refined petroleum products were compiled

and published for the various countries of the world by the World Petroleum

Encyclopedia (McCaslin, 1973a, 1974a) and a year laterty, the Bureau of Mines!

International Petroleum Annual (Southard, 1973, 1974). Data are not

available fromhthe Bureau of Mines for 1973. Plata for individbal Communist

countries are not available for any year. Results froiNboth sources are

similar but not identical; therefore, aji order to present\comparable data

for 1971% 1972 and 1973, Figure 4' is based entirely upon the World Petroleum

Encyclopedia (McCaslin, 1973a, 1974a) that'also contains the latest revised

figures for consumption during the earlier two years. The regions of con-

sumption of oil products (demand for refined oil) differ markedly from the

regions of production (Figure 4 versus Figures 1 and 2). For example, the

United States consumed about one-third more than it prodilced in terms of

crude oil (increasing from 31 percent_more in 1971, to 41 percent in 1972 to

47 percent in 1973), but Europe consumed about 21 times more than it produced.

When production is expressed in terms of crude oil plus NGL the consumption

for the United States during 1971 exceeded production by about 14 percent.

Shipments to the United States and Europe came from most of the other regions;

with the Middle East shipping 93 percent of its production. Consumption per

"capita ranged from 3.5 tonnes (26 bbl) for the United States to 0.1 tonne

.

(0.75 bbl), for Africa, with the average for the worn minus the United

States and Europe at p.3 tonne (2.25 bbl). Comparison of the data within

Figure 4 shows that consumption increased 19 to 25 percent between 1971 and

96.
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1973 for Asia, South America, and Africa, but only 13 to 14 per.ent for the
other regions including the United States and Eurove.

Cumulative Production

Cumulative production of crude oil plusANGE was tabulated for 1971 by
Albers, et al. (1973), but no,later data (Tn Ng. are available, the only
way- to have more up-to,3date cumulative production figures is to ua'se
upon crude oil alone.. Accordingly, cumulative production in the'diFfereat
regions taken from the only public source, the Oil and Gas Jat)hna.l
Ononymous, 1973d1, which as for previous years, cumulajtes to July 1 1Eigurs
1. A'; thi; compilation gives no data fbr cumulative crude oil production

for the United States or fur communist nations, data for these areas had to
come from the American Gas AssociatiOn (Anonymous, 1973a, p.10) through 1972
for the United States and, from Albers.. et al. (197?i) For communist nations
through 1971, (assuming that 'the communist nations produced little- NGL).' Both.
cumulations were updated to July 1, 1973 using annual-production data from the
internatAonal Petroleum Encyclopedia (NCaslin, 1974a). Noteworthy is the
fact that the United States has produced more than one-third of the world's
total crude oil produced to dote. Comparison of the data in Figure 5 with
those of Figure 1-shows 1.1.tt:le,-relationship between tumulative crude oil
production arid annual'crude-"oil product lion. For example, the cumulative crude
oil production for North America, Europe, and South America. is 27 to 22 tifnes
1973 production, whereas for Asia, Oceania, the Middle East and Africa. it.,4is
only 13 to 7 times 1975. production. This lack of relationship is due to
differehcos in the dates when1 initial. large production began.,

Cumulative offshore. production of crude oil from the continental sbeives
and ()pier underwater areas was tabulated by McCaslin (1974b) to the end of
1973. his tabulations to the end of 1971 were for total offshore crude oil
(McCaslin, 1972), but those to the ends of 1972 and 1973 were only for giant
oil, fields.- The best approximation seemed to.be that of adding to the
cumujative offshore inside-oil production through the end of 1971,- the annual
offshore productions for 1972 and '1973. The minor fields appear to add only
about 5 percent to 'the world tota1.for giant fields during 1972 and )973, so
the presentation in Figure 6 is nearly correct. The ratio of cumulative total
crude oil production to cumulative offshore crude oil proddction at the end
of 1973 (Figures 5 and 6) ranges from 2.0 for South America (where produc'tion
from Lake Maracaibo deminates) to 49 and 32 for Asia and Europe where off-.
shore oil has beenMinor thrOugh 1973.

Proved Reserves
_ .

Total proved ,reserves of crude oil as of January 1, 1974 (Figure 7) are
entirely from a compilatiob of data by the Oil and Gas Journal,(Anonymous,
1973c). An earlier compilation,, at the end of 1971, by Albers, et al. '(1973).
of the United'States Geological Survey, includes NGL -for the United-States

9 7
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and a. few other nations, but omits it for most -nations because they do not

report NCI- MoSt of those that produ4_NGL include it with the crud* oil.

Comparison shows the results given on Figure 7 to he within 25 percent of the

estimates byAlb'eys, et al. a40 of two oil companies that provided records

from their files; differenCesTetween these various sources are erratic as

though due to.unsystematie differenees,in methods of estimation from drillhole

data in various regions. It is reiterated that estimates of proved reserves

are smaller than the amount of oil expected to,be produced ultimately from

prently discovered fields. Comparison of Figures 7 and 1 shows little

relationship of proved r.4esell'ves to 1973 production of crude oil. The ratio

ranges from 10 for the United States to 45 and 68.for the Middle East-and

Europe, with SI as the world average.- This ratio is not neqiely as significant

as popularly considered, because At is not a 'simple measure of how much oil

:remains to be produced, instead, it iS.i,nfluenced considerably by the-
intensity of:exploration, the dominant 'kinds of oil field traps and the price

of the oil, -Another ratio, that of crude oti reserves to 1973 annual con-

sumption,.also is of interest. This one ranges from only 3.2 for Europe
(destined to increase with expanded exploration in the North Sea) an4.5.6 for

the !tilted States to 183 for Africa and 650 for the Middle East. The ratio

essentially is a measure of the number. of years, that prtaved reserves in.a

region can supply crudeOil for the consumption in the same region, in the

.unlikely event that no oit i.s shipped, that no new reserves are found, and

that consumption remains constant.

Offshore reserves of crude oil, were tabulated by the Oil and Gas

Journal (McCaslin, 1974b). to January-1, 1974;. and these dhta are the basis for

Figure 8. Comparison of Figures 7 and 8/shows that proved reserves ot off-,

shore crude oil in different regAns range from 1.4 to .g.percerit of total

proved reserves in she same regions. The lowest percentage is'fot Asia (1.4)

and Africa (7.6) and the highest is for Occania(36.4)-. For the United State's

it i.s 19'.,6, which i.s tAightly greater than the ratio of ,annual offshore to

total annual crude oil product :ion (Figures 1 and 3). 4-

Weeks (1973) estimated the proved wld offshore:reserves of oil pluS

oil equivalent of gas (1000 m3 of gas = 0.78 tonnes of. oil or 6,040 ft3 =

1 bbl) to be 19,000 million tonnes (143 x109 bbl)' This figure differs 'con-

siacrably from the total. of 13,000 million tonne (98 x 109 bbl) of crude oil

from Figure'Vplus.an estimated 700 million tonpfes c5,250 bbl). of oil

equivalent froM'Figure 13, or a total of 13,700 miltion tonnes (103x, 109 'bbl)

oloil plus oil equivalent,

Total -Discovered -Reserves-b

..' In addition to the proved reserves discussed above, there is a sizeable

of 'reserves that have been discovered but.are not considered to be

"roved." This increment, estimated to average 50 percent, is the difference

between ultiMaie production actually obtainable from any given reservoir, and

the proven reserves assigned to that reservoir at any given time,)
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.

The reserves shown on Figure 9 represent best estimates of the total
amount of recoverable oil actually discovered, including both proved reserves
and the increment discussed above. Since there are no published estimates of

'.the discovered bUt unproven increment, estimates of Company D were used in
compiling Figure 9. There is a sizeable amount of published information on
the techniques of such reserve estimation;' Company Iris estimates were made 4..
using well known and widely accepted techniques.

GAS

Annual production ornptUral as was compiled from data in the Oil and
Cas Journal (Anonymous, 19721). f973b, 1974a) and,shown in Figure 10 far,the
same regions. as for crude oflptoduction.\ The measurements are within;about
25 percent of those compiled by Albers, et al. (1973) and those.in unpublished
files of Company D. Little change in gas production is exhibited for the
three years, 1971., 1972, and 1973 by the United States, North America, and
South America. Gas prodUctiom decreased,for Africa, but it. increased 50
'percent for" the Middle East, 37 percent for Europe:33 percent for Oceania,
and 17 percent for. Asia. clhe distribution of the 4973 annual production of
gas ,(Figure 10) is very different from that of oil (Figure d). The ratio of
0s.to crude oil m3/tonne.ranges from 5,000 m3/tenne(23,500 ft3/bbl) for
Europe and,r,450 m3/tonne (6,800 ft3 /bbl) for the United States (and North
America) tq less than 100 m3/tonne (471 ft3/bbl) fel.. the Middle East, Africa,
and Oceania, The ratio. for the entire world is 50D m3/tonnt (2,350 ft3 /bbl).
The high ratios for the Uni-ted. States and Europe are due to the nearness of
the gas-producing fields to, ndustries that can use the ga4. Low ratios else-
where are due to the high cost of liquefying and shipping the gas to indust-
rial centers. If the amoun of gas brought to the surface has the same ratio
throughout the world as the average for the-United States actual prodUction
j1.45), then about 2,560 oil ion cubic meters (90 x 1012 ft3) of gas is
brought to the surface but n t used. This is nearly twice the amount that is
/produced and used in the word. Some'of this gas is pumped .back underground
in trder to improve recovery f oil, but most of it is flared and wastA Oh
the other hand, about two -thi ds of the gas produCed in the United Stat,, is:
not associated wit oil. Pre umably, little such unassociatedgas is p 0-.
duced elsewhere except in Xuro e or Japan, and so the amount of naturallsgas
flared to waste is correspondi gly reduced' below the estimate above.

Partial confirmation of toe waste of natural fas in undeveloped nations
is provided by. incomplete stati tics on gas production, gas that is marketed,
gas used in repressuring, and ga that is vented or flared: These data were
assembled'and RAblished by ttlezi3 eati of Mines (Knelling; 1974), The
statistics for 1972 were,plottea n Figure 11 to permit comparison with data

'presented by the other figures. e totals are similar to those of Figure
10, but the similariO'is.taken as an indication that' losses due to flaring
are grossly underreported. 'NeVert less, Figure 11 clearly.shows a greater
utilization of natural gas (oil Jessr wasting of it) in industrialized
regions-than in'Undeveloped ones, pressed in another way,,the United Stater,"
all of Europe, Canada; Australia,,Jaan, and New Zealand market 94 percent of.
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their gas, whereas all other -nations together market only 31 percent. In the

United States and Canada 84 percent of the rest of t e gas is. used for re-

pressuring, 'but'in the rest of the world 80 percent f it is listed as flared,

ut'probably this is a minimum percentage.
1

. ,

()ashore gas production-was mapped (Figure 12) from data of Albers,

et a (1.973) for 1971. No data for 1972 or 1974 Were found in the'litera-

ture. or 1971 the United States-produced 62 percent of the total offshore
c

. natural g while producing only 19 percent of the total offshore crude oil.

. 1 This has re lted ih a much greater cumulative production of natural gas in

the' United St les as Compared with other oil producing regions .of the world

,(Figure 13). T principal areas viliereilalge amounts of:gas-are still, being

flared' and wasted ire the Middle East, NOrth Africa and the Gulf.of Guinea.

But if plans present in processlin these areas are consummated, much of-

this waste will be silo. )ed 'in the reasonably.near future. Considerable 'but

unknown quantities of NG are fleared off with the natural gas.

oved Reserves.

Proved reserves for natural ga
production (Figure 10) for t:he United

for the entire world. The largest ratios
production are for Africa (530), Oceania (31

(80). However, The highratios.in industrially
simply the result of low annual reported productio

pumping it:back undergroundor flaring).where its use

liquefying and shipping is too costly.

(Figure 14) are only 11 times 1973
tes, in comparison with: 42 times

prOved reserves to 1973
Middle East (220), and Asia
ndeveloped regions are

of gas (instead,
s impractical or where

UNDISCOVERED RECOVERABLE RESOURCES OF OIL'AND GAS

United States

.

Many *Mates,Of undiscovered resources of oil or as in the Unite

States have n. made during the past three decades by men asso ' ted ei4 er

with oil comp: lies or with the U.S. Geological Survey (McCuLy6h,1973).. .est

known are the of Weeks (1948, 1958 and 1960) formerly,of Standard Oil

Company of "Nib (now Exxon Company) and now consultant, and Hubbert

(1956, 1959,-30i.1966, 1.967, 1969., 1971 and 1974) formerly c:It Shdll Oil

Company an now of the U.S., Geological Survey. Essentially, Weeks estimated

the areas and 'vplimiles of sediment in major basins of'the world and multiplied

these by the, co of oil in similar basins arranged in three groups'.

according to 'degre7e1S of favorability for petroleum. 'His,estimate of.undis-

coveted crude Oi*lus natural gas liquids was 22,300 millien tonne (167

109 WM for landand ocean flOor of:the United States in 1960. In contrast,

Hubbert (1967) baSed his estimates of undiscovered reserves of oil and gas

of the United States upon statistical projections of past oil or gas pro

ductiOn and'of drilling experience. Using this method, Hubbert estimated:as
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of January 1, 190 3.2414-500 million tonnes 24 -64 x 109 bbl) of undis-
covered oil plus' NGL.and 5,000-14,000 billion m (180-480 x-1012 ft3) of
natural gas for land an&agjacent continental shelf exclusive of Alaska.

Many large Oil companies that have active research programs continuously
Compile informat n upon petroleum potential.in new and old areas. Mostly,
this informatiO is considered proprietary,'but some of it was provided by
Company C (did not wish to be.Identified here), ose estimate in 1973 for
for recovtrabie crude,oil plus NGL likely, discovered'in the United States
between 1973 and 1985 is 7,300 million tonnes (55 x 109. bbl.) Far more com- '

plete information was provided by Company D, which was highly cooperative
in this study. Its estimates for the United States updated to April 15, 1974-.

are 11,900 million tonnes (89 x 109, bbl) of crude oil plus NGL, including
'7,200 million (54 x 109) in offshore areas. For'natural gas its estimates are
12,660 billion-m3, including 4,800 billion m3 (170 ,x 1012 ft3) in offshore
areas. Another independent estimate ak 12,000 million tonnes (90 x 109 bbl)
was,formulated by Company E as of 1974.% Larger estimates of undiscovered
recoverable' natural gas for the United States were made by Rossinier (1973)i
33,000 billion m3 (1,165 x 1012 ft3 ) including '7,000 billion m3 (250 x 1012
ft35 from'okfshOre fields.

Th other group of estimates was made by men of the U.S. Geological-Survey.
First w s Hendricks (1965) who extrapolated the production per unit area of
drille basins throughout the rest of the basins or to similar baSips, and
thereby developed .an estimate of undiscoVered resources of crude oAL.amounting
to 40,0 0 million tonnes (301 x 109 bbl) and of natural gas amountiu to
37,000 b llion m3 (1,300 x1012 It3) in. the United States as of January 1,
1962.. Recently, Theobald, Schweinfurth, and Duncan (1972) of the U.S.,
Geological Survey made new estimates, of undiscovered producible resources-of
the.United States using an extension of the'method of Hendricks (1965). Their,
estimate for crude oil plus NGL was 61,000 million tonnes (458 it' 109 bbl) and
for, natural gas it was 56,000 billion m3 (1,'980 x 1012 ft3). Separate
computations indicated that 26,000 million tonnes (195 x10.9 bbl) of the crude
.oil plus NGL and 24,000 billion m3 (850 x 1012 ft3) 'of the natural gaS was
from offshore areas. Several times as' much oil and gas was reported present
but in concentrations too small for recovery by present methods. Publication
of these estimates aroused considerable opposition from men who had studied
the question of petroleum resources because the Geological Survey figures are
so,much larger than other ones. In a Senate hearing, Hubbert (1974) pointed
out that the estimates made by a Survey Geologist, A. 'D. Zapp, in 1962 con-
sidered that the richest paits of tk, basins that were selected,forAdrilling
by oil companies were typical of threntire;bas.ins. Wother words, the
'amount of oil to be produced, according to thp U.S. Geological.Survey, would
be proportional only to the number of wells drilled, with MG importance *.

attached to differences in the geology within different parts of the basins:
Actual drilling experience, however, shows that the oil produced'per well in
a given field or region decreases with the number of wells drilled, sometimes
expressId also as'barrels of oil discovered per foot of exploratOrY
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A new set of estimates then was prepared by the U.S. Geological Survey

(McKelvey, 1974) with lower figures attributed to consideration of newly

available geophysieal data. .These.estimates alre 27 to 54 x 10 tonnes (200-

400 x 109 bbl) of crude oil plus NGL, including 8 to 17 x.109 tonnes (64-

128 x 109 bbl) in offshore areas. For natural gas the new results are 28-

57 x 1012 m3.(990-2,000 x 1012 ft3) including 11,to 23 x 1012 m3 (390-810 x

1012 ft3) in 'offshore areas. 'The revised estimates are much lower than the

ones of/1972, but they still-are considerably higher than those made by other

men and organizations.
1

Table 1 compares the estimates of undiscovered recoverable resources of

crude oil plus NGL and of natural gas in the United St tN.

TABLE 1 Estimates of Undiscovered Recoverable Oil Reso rces of the United

States
1

Oil Companies
1. Company A

(Weeks, 1960)

2. Company C (1973)

32\yompany D (1974)

4. Company E

. Geolo ical SUry
Hendricks (1965)

6.. Hubbert (1967)

7. Theobald, et. al

(1972)

8. McKelvey (1974)

9. Hubbert'(1974)

Oil & NGL Gas

(109 tonnes) (109 bbl)_ C-0 m3) -e----TTO12 ft3)

22:3

7:3**

--(168)

(55)

11.9 (89) 12.6 (450)

12 (90)

46 (346) 37 (1,300)

3.2-8.5* (24-64)4 5-14* (180-500)*

458) 56

N ,

27 -54 (200-400) 28 -57 (990-2,000)

9.6 (72) 15.3 (540)

* Exclusive',0 Alaska
** Estimated'discaverable bapween 1973 and 1985

1:0
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. .
The Pandl'S review of various estimates and consultations with various

men and organizations involved indicate that five different methods of esti-;-,
mating undiscovered hydrocarbon resources have been employed: (a) straight -.

volumetric, .(b) geologic basin analysis, (c) probabilistic exploration/
engineering,analysis, (d) analysis of historical production and discovery
data, and (e) analysis of-discovery index. Method (a) was used in estimate .6.
A combination of methods (a) and (b) was used in estimates 7 and 8. Method
(b) was used in estimate 5. Methods (c), (d), and (e) were used in estimate
4. Methods (d) and (e) were used in estimates .2 and 9. Method (a)- and the
combination of methods (a) and (b) used by various members of the U.S,
Geological Survey yielded,results.which appear high, whereas the estimates
2,-3,-4, 5, and 9 above, using methods (b), (C), (d), and t) yielded
reasonaWy consistent results. '

A breakdown of-A.estimate 4 furnished by Company D, and a comparison with
a breakdown of the 1974 Geological Survey estimate (see Appendix) indicates
that most bf the differences between-estimate 8 and estimate 4 and 9 lie in
resources estimated, for the conterminous 48 states.

. The estimates were-reviewed.by the panel with vaAibus men involved. In
attempting' to reconcile the differences-between estimate 8 and estimates 2,
4, 5, and:9 it became evident that certain factdrs used in estimate 8 could
have been more rigorously derived. Particularly critical is the discovery
ratio assumed for unexplored parts.of basins in making estimate 8 (see
Appendix). The low figures for undiscovered resources were calculated on the
basis of a discoveiy, ratio of 0.5, the high figures- -on the basis of a ratio
.0. Both ratios appear to be too high to be used in calculating undiscovered-
resourCes of the conterminous 48 states in which explorationhas been carried
on for more than 100 years. Hubbert (1974b)Ihas rigorously appraised the

--value:of the ratio'. bated on drilling, discovery, and koductiori data overing
all explored basins in'the conterminous United States.' He found the value of
the ratio, with a high degree of certainty, 't6 be very near 0.1. When this
ratio is applied to the portion of-estimate 8 representing_undiscoyered
resources in the contermin s 48 states, estimate 8 is reduced to 16 billion
'tonnes (approximately 12Q 09 bbl).

Upon review of these everal estimates and the methodologies'upon which
they are based, it is the judgment of the panel that the undiscoveredbydro-
carbon resource base of the United States includingAlaska onshore,and off-
shore, approximates 15 billion tonne, (113 billion bbl) of crude oil and NGL,
and 15 trillion cubic meters(530 x Ob12 cubic feet) of gas. .Although there
is unavoidable uncertainty-in these figures, the uncertainty is insignificant

.

when viewed in the context of the enormous difference betweerithe size of
these resources and those of coal, and of shale oil (set Table 3):

? .

All estimates are in agreement that_lhq.bulk of undiscovered oil
resources will be found either offshore Win Alaska. In both areas develop-.
meet will be slower and more costly than qn-land dpvelopment. .Also, both

-,
.

4 .
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terrains present added problems stemming _from the need to consider the effects

of oil production.on relatively unknown or.extremely delicate ecosystems

f

FUTURE RATES OF U.S. 'ETROLEUM PRODUCTION

The analySes.by'Hubbert (1056,.1957,'1959, 1962, 1966 and 190', and

Appendix) indicate there are definite iathematical-relationships between

ultimate. reserves, changes in rates of. discovery with time, changes in proved

reserves withiltime, and,rates of petroleum production. Giyen an ultimate- -

reserve (production to date + proved resourcesunkhowirrecoverable-resources)
of around. 33 x 109 tonnes. (247 x.109 bbl), a substantial increase in U.S.

annual produCtion of cxudeTetroleum, even for a,short period4 is very unlike

ly. Given. the long lead time necessary.for develoOment,of alternate sources

of energy, it: eeMs evident that conservation of petroleum should receive a.'"

strong emphasis in U:S. mineral policy if dependence upon imports df petro-

leum is to bereduceth
y

'UNRECOVERED RESOURCES OF PETROLEUM IN KNOWN OIL FIELDS: *

' OF THE UNITED. STATES

Oil produced in the 'United States plus proved reserves of. oil are

apftoximately 18 x 109 tonnes (136 x 109 bbl). It is well, known, howeVer,,

that by use of present. methods only a part of the total oil in Place in known

oil fields is recoverable by use of present technology.. Percentof recovery

varies widely frOM field to field,.depending on the Characteristics of the

contained oil and-the characteristics of the reserves. In a. recent symposium

on tertiary reCovery methods.(Snyder, 1974) a range from 13'S to 46 percent

was cited. Alfirm figure for the average recovery percentage for all. oil

fields of t e United States is hot available, but 30 percent appears reason-.

able, whey as 40 percent is probably too, high. Even if the, latter figure is

accepted/ however, it means that in known oil fields -some-27.x 109 tonnes

`4202 x y09 bbl) remains unrecoverable, roughly twice the estimated unknown

recoverable resources. Known unrecovered oil thus appears to constitute the

large 5t single untapped oil resource of the United States.

.
Research aimed at improving recovery percentages has been carried on for

many years, and substantial improvements have been achieved since the earlier

days of the petroleum industry. Primary recovery from ordinary wells' has

been supplemented with marked success by secopdarymethods,of gas reprocessing

and water flooding. It is generally agreed that.further improvement by

developing tertiary recovery Methods will not be easy, but'in view of the

energy resources at stake,. research anddevelopment of improved methods of,'

recovery should be actively encouraged as a part of national'mineral policy.

One means of increasing recovery from known fields is the mining of oily

rich sands from reservoir beds of oil fields where wells have reached the

point of uneconomic production. Where the sands are shallow enough, they can

104
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be mDed by stripping, like shallow coal beds; Ac6gding to Herkenhoff (1972)
and Anonymous (1974b), therOare 383 known shallow-oil fields (overburden lass
than 150 meters [500 feet]) in the United States. If these were mined, them
oil recovery.might Be increased from theusua125,to 40 percent attained by
wells to perhaps 90 percent. Similarly, if new techniques of.terti ry
'recovery are developed, about twice as much additional oi,1 might be roduced
as has come from past cumulativ0 production, perhaps yielding 14,000 million
tonnes (105 x 109 bbl) for the United States and 39,000 million tonnes
(29ex 109 bbl) for the worldjFigilre 4).

'AORLD-0I1 RESOURCES

Estimates of undiscoVered resources'of oil'and gas for the world have
been Compiled only by oil companies; material is available from Weeks (1960 ),
from Company C for 1973, and from Company D for 1974. The estimates- for
crude oil plus NGL have been plotted together .on Figure 15. The wide range
of-the estimates.is expectabie'in view of differences in information available
to each organization. 'Undiscovered resources of natural gas were estimated
only by Company D, with results presented in Figure 16: Comparison in
Figures 15j 7. and rshows. that undiscovered resources of'crude oil in the
world exceed proved reserves and they-are 25 to 75 times the 1973 production
of crude oil. Similarly,. Figures 16, 14 and 10show tHat undiscovered-
resources of natural gas aie about 100 times 1973 world production.

Published estimates of offshore undiscovered resources of 'the world
have been made by Weeks (1973, 1974); who combined°crudeoil plus NGL. with
natural gas (using a ratio of'1000 m.5 of gas equals 0.7tonne of oil
(6,040tft3 gas =.1 bbl oil)). His results fot undiscovered total petroleum
resources amount.t6 183,000 million tonnes (1,370 billion bbl) for the
continental shelves, small basin, shelves, and shallow seas; 61,000 x 106
tonnes, (460 billion bbl)for the continental slopes; 12,000 x 106 tonnes
(90 billion bbl) for the continental rises;,and 3-,500 x 106 tonnes (26 billion
bbl) fox deep-sea trenches and associated.ridges. This total of 260,000

tonnes (1;0-x 109 bbl) for'undiscovered resources 'Em the ocean floor
approaches 320,000 million tonnes (2,400-x 109 bbl) for Weeks' (1960)

estimate for the crude oil plus NGL of the' World plus the Company D's.:estimate
of undiscovered natural gas of the world (Figure 16) converted to oil .

.

Soviet interest in undiscolertd petroleum resources.of the ocean ..floor is
Mustrated by publications on gip eras geological factors (FedYnslcky and
Levin 1970).as well,as by quantfrativ8 estimates (Kalinliv, 1969).. The'datter
estimated 34,204million tonnes'(24billion bbl) of oil 13,444 billion
m3 (475 "tri1Jion. ft3) of gas beneath water-covered regions of the world;
Soviet estimates are thus much lower than those of Weeks (Figures 15 and 16).
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SPECULATIVE RESOURCES OF OI AND GAS

The most spectacdlar petrolefidaccumulatiodn ar -thase--In4!Ke_giant-911,

and gas fields of the world. In fact, 70 percen f the past cumulative

production plus' proved. reserves of-oil and 1 tent of the same for gas is

in the giant fields (Halbouty,_et al,,-1.91101). --Probably an even higher per-

centage of offshore oil (and gas is, from giant fields, as:the high costs there.''

:preclude development of Small-"fields on the ocean-floor. As shown by Figure

17, most of the giant:fields Occur in two broad'curved:belts, one in

northern South America and western North America and the,other in northern
Africa, the Middle last, and thb boundary between Europe and Asia. There

and elsewhere the fields occur. in'clusters except in mainland 'China, where,

scattered single fields. attest to incomplete exploration and an expe tation

of rfutue substantial addition to pil4Ouction and reserves:
fo,

-Oil and gas fields are widespread along mar continental shelves :( Figure

18). Noteworthy is their absence pt rarity off eastern Asia, (except

IndOnesial..southetn Asia, eastern Africa, northWestern Africa, eastern'

United States:eastern South America,- ,western South America, northern North.

America-,and Asia, and off Antarctica eventhaughMany of these, shelves appear
to have. high potential(LiayreA9)y Many "off the ,gaps can be ascribed' to

climatically inhospitable regions; others are due to politiCarLy inhospitable
,

host nations. As politics'change, considerable.filling of gdpg in the:.

distribution pattern of affshore oil fields May,ocur: -Particularly promis-

ing are the ancient deltas of large rivers of'the world (Figure 20),,".Many

of these deltas are major producing areas of oil and gas. Mc.,§.t others are

inadequately explored owthg to difficdlties of terrain or politics. When

explored, these-deltas should Materially increlsepil production and reserves.

,

BeIt ofithickprine sediments'of Mesozoic and Tertiary age (Figure 21)

contain fields thatloproduce about'60 percent of the world's oil andgas.

Most of these belts underlie coastal,.regians, where the have been-localized
/ /-

.

by marginal troughs bounded' on theiroceanward,sides by dams of to 'tonic,

diapiric, or reefal origin (EmerY7,*.1970. 8ecause.the sedimentsin' hese

troughs are thick and contain much organic matter produced ftqm nu Tents in

continental runoff , the quantitycof oil and gas injhem,may *ell xceed the

average-for,Continentalareas that are underlain by sediments: Again, most

of tlie contdinental shelves of the world are less, well explored than the land,

so the concentrations of oil and gas beneath the shelves.probably are
greater than expected and listed among undiscovered reserves in Figure 15.

k

Lastly, nothing. eally is known about the oil and gas potential.of the

continental rises (Fig re 22). The yolume of.sediMents beneath these Tises,

probablyexceeds'the total beneath thee.Sahelves. 'Much of the sediment is fine,

grained.and.some:of it probably is rich in organic matter, having slid:

oceanward from positions of accumulation on the continental slope within the

depth' range of low oxygen content in the ocean water (Emery, 1969; and in

press).' Seismic-reflection records also,show the presence of-Many velocity

discontinuities, probably most of which are layers of sand distribUted by
a 41,
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tgrbidity currents, thus being potential reservoir beds. The same seismic
.

records reveal the presence of numerous folds, 'faults, and st ratigraphic traps,
ites_forIcOnCentratiOns of 'oil Old gas: It spite of

, .the promise presented by conti ental rises, .no extdoratory,dvilling has
occurred on theffi, laTgely beca e of the difficulty in controlling flows that
might result from the drilli . PrObably new methods of well completion on
he deep -ocean floor will b 'developed during the next decade or two, and

ese may beifollowed-'by festirtg of the oil anegas potential of the contin-...
ental rises of0the world.

A
.

SHALE OIL

0

Oil/has been prod4ced,from oil' shles in Stotland, China, Queensland,.

the Ea-i Baltic (Estonia - Leningrad); and So6thlifAca, and productitm from
the st BaltiC area furnishes about 0.8 percent of the oil. roduction of theiU.S .R Production in recent decades has never been,' hoWever, more tha n a
small fraction of annual world oil productiee . In the United States oil has
been produced Only,in experimental runs and one largepilot opera,Aon,

/ .

P
.

Data for the- present report are drawn-from' reports by Duncan and Swansol
(1965), Duncan (1967), Padula (1969), the National Petroleum.Council. (1972),

.,--and Culberson and Pitman (1973), and are summarized in Table 2.' It must be
stressed, ,however, that data even for theGreen River oil,shales, which have

.

been More extensively explored and sampled than any other major.shale-ciil ,

depositsare,still incompletely tested. The figures in Table 2:.serve only
to indicate that United States and world resources of shale oil are very
large, far larger ,than estimated total U ited St4es_and world resources.of
conventional petroleum,

. .

The sharp increase-in prices of crude petrole1 um by, the Organization, of
Petroleum Exporting Countries during 1973-74 has placed,shale oil resources

\. in an entirely new economic context. Marginal at, best in 1972, some of the
richer shale-oil deposits may now be economic. Tracts in:the Green River oil
shale basins have been leased,and mining and processing projects have bect
undertaken.. Estimates of.oil resources in .the Green River formation differ

'considerably.

Duncan and.'-Si:lanson estimated 21.3 x 109 tonnes (160 xn109 bbl) of oil

in shales-of the Green River formation, averaging10.5.0.2 % of oil (30-35
gal,/ton) of whitil)half was Considered%recoverable under conditions of 1965.
The NatienalAPetroieum Council (1972) estimated,12'x 109 tonnes (90 x:109 bbl)

to *be worth present-consideration, the remaiAaer of the:total of 240)(J09

tonnes (1,800'x 109 bbl) in the formation being'deeply,buried, too low in
grade, insufficiently explored. Even this amount, however, is nearly eqUal
to thees,timated total of proved and undiscovered recoverable resources of
conventional petroleum of. thelpited'States. Tracts leased by the Department

I) 4. :40

r
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of the Interior during the past year' are. considered to cover resources of not
lesstpan 340 million tonnes (2.6 x.109 6b1)..*

o

The size of.the resources of shale oil, both in the Onited.States andin
the world as awhQ.J.g:,can easily arouse false hopes of their rapid,development_
as an alternatiVe to conventional petroleum as an energy source. There is
little prospect,',:however, that shale-oil Aeposits can provide such an alter-
native. The problems involved in the shale -oil development are forthidable,
ranging from problems of mining and processing technology to eRvirehmental

,problems of disposal of.waste and avai4ability of water for processing.
Capital investment,required for production at of a billion barfels a.
year, roughly 15 percent of current U.5: annual consumption ofvpetroleum, is
enormous. At best, shale,d11 canibe expected to serve only as a,.supplement
to other sources, of energy within the next 10 to 15 .years,.

a.
1

, .

TAR SANDS

The tar sands resources of the World are incompletely known, but it is
already clear that they are major world,resOurces of petroleum. The best
nown deposits, and by far the:most productive; are the tar sands of Alberta,

with a current production of, about 2,20.0:000 tonnes .(16 x 10,bb1)'wf crude
oil per year: .Total resources Of 'Oil in tar sands of tree areas in Alberta
haw been estimated at around 80.x 109 tOnnes:(600 x 1Pbblj. Pow and :41'

others (4963) estimatee-40 x 1b9 tonnes (300 x 109 bbl) recoverable 40.1,,
whereas Humphrey (1973) estimates ,47 x 109 ;tonnes (350 k1109.bbi)-.Aew
'plantS planned or proposed will greatly increase the scale,of production.
Large deposits of-tar sand are also reported to occur on Melville Island in
Arctic Canada.

.
.

- .

. 7
United States reouiCts'ef oil in tar sands ar estimated at 3,900:

.:. million tonnes (29 x 1 9:bbl,) Tar sand deposits n eastern NenezuekL(Oil
and Gas Jodrnal,'1973) re rep9rted to contain aho 93-x-:109 tonnes (700 x .

109 bbl) of oil, .of which about one- tenths considered recoverable with

Total world'reseurces of tar sands!are'at present unknown.
4 / .,

yresenttechnology. \

COAL

The.annu4produCtion Of :coal (Fig 25) it' rdiherAifferent,fromthat
of tkil (Figure 1).Eilargas (Figure 1.0),: althoughrather'similartephages off,
coal and oil were produced, in the.Un4ed'States as well, as the edtire world.

*During the past year, four tracts were leased,-Overlying a total of 3.6;
billion tonnes (4-billion-tons):of'shale contaitlinOnot*less than108%oil -(30

perton), with a mean oil content of abbut 12.5'4435 gallons per.ton)::p.
(;Source:, 'L. Schramm, USBM, by phone.),'

1(n
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Asia and Europe were tp dminant producing regions during 1971, with 40 to
.37 percent of the tota. t1 espectively, as compared with their 17 and 1.3
percent. of the total worlasoif productiOnf Only 0.3 percent of the world
tPtal of coal was produced in the Middle East as "Compared with its 38 percent
of the"TXprld oil. AUeutone-quarter of the coal has lignite -and the rest was

bitumindus and anthracite._. %

Proved reserves and undiscovered resources of coal in the ground (figure

25) are even larger than those for shale oil ( Figures 23 and.,e4). Owing to

losses, in coal mining and Rrocessing, however, it is -generally estimated. that

only one-half of the coa will be recoverable. Rather close-confirmation of

-the government estinf s for coal is provided by independent estimates from

the files of Company D. Reserves and resources ill the United States are
about 5,8.00 times- the annual production, and for the entire world they are
about 5,000,times. There is, therefore, no cause, for alarm about future needs
for coal during the next-hundred'yeats.4- Moreover it, Like-oils shale, can
augMent the supplies of natural oil and gas, both as'a. fuelsubsfi.tute and
as,material for distillation of oil and xas, About 110,000. million tonnes

(121,000 x 106 short,tofis) of reserves in the United States (200 times the
annual produCtion) are at depths shallow enough to be Wippable, although
one-third of this tonnage may require advanced'machinery. Es.sentially,100

percent of die coal in place is obtajned by stripping, but only about,50.
percent is recovered by present underground mining methods.,. If only half of

the coal-reserves andresource of Figure 26 is recovered,.the amount of
-energy available from, coal is still enormously greater than the total'-avail-

.able from oil and gas. Reservesland,resources are thus very large-relative

to United States needs; however, sert6us environmental problems must be

resolved before these-reserves.can all become available. For the present,

environmental problems set limits ofl the scale of using coal for energy.

COMPARISON or ENERGY FROM POSUL -FUELS WITH EARTH'S
ENERGY FROM CERTAIN OTHER SOURCES

For` ease in mak parisons, some ofthe nitre pertinent 'Statistics

were drawn from othe pre eding figures,, rounded off, and compiled in Table 3.
It is evident that the proved reserves of shale, oil and. coal are many time
larger thamNpose for pettoleum, but this 'does Apt tell the 'Whole Story

bbcause,of'nfferences in heats of combustion.

The average heats of combustion of oil (plus NGL), gas, and coal were
taken as 11 Kcal/g (5.8 x 106 BTU/bbl) 9 Kcal/liter (1,260 BTU/ft3), and

7 Kcal/g (12,600 BTU/lb), respectively. Multiplying these numbers by the

latest data on World production (Figures 2, 10 and25)% we find that.the'
heats produced by combustion are within'a factor of 3 for these materials

- (Table 4). They would-be more nearly equal were much of the gas Used rather
than. being returned underground or flared, as its heat Value is about 0,23 -x

1020 cal/year (0.09 x 1018 BTU/year). The sum of the -heat energy from the

fossil fuels actually used is 0.6 x 1020 cal/year(6.\25 x 1018 BTU/year); this

is three times the energy of Ihe tides, and abut. ne-fif the energy orthe

lid0
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99

Energy Produced from Fossil Fuels Compared with Earths Energy 11.011-
Certain Other Sources*

Combustion, by Man

Crude Oil and NGL

Natural Gas

Coal

Total

'Dissipated by Tides
(Earth, water,
air)

Radioactivity of
Earth (if like
chondrite)

Geothermal losses of
Earth

4

Solar Energy at
Earth's Surface

.,4

1020 Cal/Year (10
12

Watts) 10
20

Cal/Year (10
12

Watts)

0.31

0.12

0.21

qa '

(4. )

(1,6)

(2.8)

* P'artly frOm Williams and Von Herzen 1974).

0.6

0.2

2.5

3.2

(33.0)

(42,0),

(86.000)

Earth& interior produced by radioactive decay and manifested by 'geothermal
gradients.. Howdver, it is only 0.01 percent-of. the solar energy; in fact:it
equals only 48 minutes of Solar radiation striking the.entire earth. Even
the total reserves (including undiscovered one$) have energy equal Only to
two days of solar radiation on the Earth. The unwary reader might eOnciude
that solar energy -offers a free ride with respect to supplies of oil, gas,
and coal. HOwever, in order tolmatch the rate of fossil energy use, all of
the sun's energy that reaches the Earth's surface within an, area of 100 by
100 km near the equator would have to be captured. Moreover, at present
solar 'energy is Much less efficiently. converted to erectricity,than.is fossil
fuel energy.



All in all, the low concentration of energy f om the sun, the tides,
and from the Earth's interior makes them ufiattracti e at present as large
scale energy sources compared with 'fossil fuels. A hough natural oil and
gas have, limited lives at the presently increasing rates df use, the reserves

;of shake oil, tar sands, and coal are so great that ssil energy is likely
to be available for'several centuries to come. Their se, however, involves
environmental costs: ,consumption of water, pollutioh- f strea!ns, and use of
land areas for dumping of slag. These costs cannot be recisely evaluated
against the value of the energy that is produced, owing changing standard

'7Hof public concern fOr environment versus energy.
t
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RESOURCES OF. COPPER

INTRODUCTION

The subpanel on Copper Resources examined estimates. for United,States and
r.d

world--resources of, copper,. the.. way estimates can be made, the uncertainties.
inherent in the different ways of making estimates, and the problems of
maintaining self - sufficiency of primary copper production-1n the United

States. .

Copper was chosen from among possible 'metals as a topic Of study for

.
many reasons, but two were of paramount' importance in the choice. Firstly,

it is a commodity that interacts closely'with fossil fuels; about. half of

the ,primary production is used in theproduction:and transmssion of elocf-ci-

city, and as use of energy in the form of electricity continues.to rise, the

,use of'copper may also:be expected to-rise. Secondly, copper is a commodity'

produCed in Sufficiently large volume and froM such a diversity of sources
that it is'reasonable to expect that a useful body of data on its oCcurence

and production_is available.

Although the initial objective'of the study of copper was evaluation of

current. estimates of copper resources, the panel accumukated, in the course

of its study, a substantial amount of infOrmation on fators governing th
availability of copper in the United States between now and the end of the°

century. This information is included in the report. Copper. xeserves and

resources, both in the U.S. and the rest of the world, are large relative

both to'curreilt production and consumption and.to production and consumption

anticipated to the end of the century,/regardless of the anticipated con.7,

sumption curve. Despite the large siie of resources, however, it is not at

all certain that rates of production can satisfy demands to the end of the

century. RateS of production will depend on such factors as the price of

copper, the rates at which new copper deposits can be discovered, the rates

at which resources can be transferreeto reserves, and rates of construction

of smelting and refining capacity. These in turn lead to two problems whi0
affect copper vailability'; but/have not yet been ful,ly evaluated. They are .

environmental Consideration's ofijiqih mine production anOsmelter capacity and

the question of access to potential' copper-bearing areas for purposes of

127
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prospecting, exploration, and minting. The panel suggests that both questions
deserve further study.

.
' Reiiabl1e information concerning the annual production and con mption

of most mineral resources is available 'from several publications bly'.
those from the U.S. .Bureau of Mines. Some information cOncerni unmined

.reserves is available:from the same sources, but for most.commodities,the
magnitude of undevelop, and undiscovered resources -is speculative, and'
estimates are generally{ of low relidbilit COMRATE set itself the.task of
evaluating approaches to resource' estimates and selected copper as a-metal for

, which sufficient jnformation might be available to mq)ce a useful. analysis,.
1 ,

.

Shortly after begInning the 'study, Professional-Paper 82,0 was published,
by the Geological Survey and :its its chapter on.Copper addressed itself to,

.

and answered', many of the initial questions raised by COMRATE. The COmmit-
tee has found the information from the U.S.G.S.'and the U.S.B.M. exceedingly-
'valuable in carrying out'its 5tudy and in reaching its conclusions,

Conclusions

1. Availability of copper f'r'om domestic copper depOsits during the
remainder-of this century depends both on success in discovery of nwdeposits
and on resolution of the'problem of inadequate smelter capacity.- We do not
foresee continued United States .self - sufficiency, in production o primary
cooper and therefore recommend a strong policy of conservation

L

2. Means of improving the effectiveness of exploration should be sought
by industry and encouraged by the governmAt.

. .

3. The only large, identified class of copper resources'ribt presently
being exploited'appears to be manganese noddles on thepdetp sea 'floor. The', '.

magnitude of the recoverable nodule resources is appaveiNtly-aS large as?-the
identified copper reserve on'land, ',, -

e
.

.

.
THE AMOUNT .OF RECOVERABLECOPPER:'IN THE EARTM5°CRUST

40ne can make loosely ..fl'Oretical, bt;:i not entirely satisfactory, esti-
mates 'of the amount of recove b,Le copper. The average\content of hopper in
Earth's crust is 58 ppm so' at the copper content of the 'outer 45 km is

*In this report, the use of the wo
classification conform with the Nov
resource classification. When conte
resources, one should keep in mind tha
uncertainty is at a minimum, are Usually
20 percent or less. Any other resource c
margin of error; the estimation of undiscov
for which there is no accurate procedure.

s "reserves" and "resources" and their
ber 1973,joint
lating any numerical expr'ession of
"measured reserves," for which the
computed with a Margin of error of

egory involves a.much greater
ed resources is an elusive task ,

1'4 1
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Iftpproximately x 1015 tonnes, (5 x 1015 tons). Assuming th t th deeper

mantle:is inaccessible to mining, this is the total potential sIply copper

regardless of what economic and technologic changes lie ahead. : t mos of

Earth's crust is not really accessible to Mining, so 4.6x 1015 to nes is n

unrealistic figure. The 70 percent of the crust that lies beneath he sea
can be excluded as an unlikely site for large scale, 1.0W-cost miningV Of the

' remainder, which is the exposed continental crust, only the upper 10 .-rcent
will probably even be accessible because of problems such as rock stren th

A and rising temperatures. Thus, 1.4 x 1014 tonnes 0.5 x ,I014tons) is th
amount of "accessible" copper,\and to recover it we would have to mine an
proCess the eptire land mass exposed above sea level to a depth of 4.5km
(2.8 mileS). 1.4 x 1014...tonnes x 1014 tons) is clearly an academic/
number. We might predict atechnoltgical society that exploited its metallic
mineral resources by mining and\processing 1 percent of its exposed land mass,
but the processing of.100 percent\er evenA.0 percent seems unreasonable.

- /

A more realistic evaluation of the amount of'copper potentially available
can be obtainedby considering how copper, eccurs in the crust. Mbst of the
copper presenti's locked in solid solution in common silicate Mi.neral,s, and
in-this form it cannot be concentrated'by physical beneficiation to produce

. a copper-rich concentrate ready for thesmelter. Recovery of copper, orNanyi
ethertrace metal,'frOM silicate solid solution generally involves disruPtion
of the silicate mineral strUcture. This is an energy:intensive process., '-
Where geological circumstances raistAocal'copper contents to levels of,0'..1
percent or more (that is, local enrichments of 18 times pr more above gee,-
chemical backgtounA)-; we ob§erve that cOpper/MayRither'form individual:
0.nerals which be physically concentrated, or it may sometimes occur in.
a state amenable to selective chemical extraction'without disruption of

silicate minerals. PhYsicalbenefitiat'on and-most chemical-leaching:pro-
/- v -

cesses are greatly less energy - =intensive than extraction of metals from
silitatep. A" content` of about 0.1 percent\teppet seems, therefore, to
representsa sort of.geochemical barrier to a regular reduction in grade of'

.

minable copper ores. -Therefore we consider a rade of 0.1 percent copper to
bea'lower cut -off value below which copper res Limes may newer be recovered.

The amount of copper present-in local concentration apd amenable to
recovery must be vastly less than 1.4 x 1014 tonnes (1.5 101_4 tons): Eyen

heavily mineralized areas such asthe southwestern portion of the U.S.,
th area of the crust known to be underlain by deposits containing copper at
grades above 0.1 perLent"(uis no more than 0.01 percent. If it iSassumed
that the same "mineraliiatidh" factor could be applied around the world,
and ret iniNg.the figure of 10 percent as the accessible portion of the crust;
'the copp T tOnnagein depositS down to a grade of 0.1 percent-Cu would only
be 1.4. x 1010 tonnes (1.5 x 1010 tons). Inasmuch as the southwestern U.S ism

one of the most richly mineralized copper regionsnin the world, 1.4,x 10Iu T

tonnes can be postulated as an upper limit for the amount of copper that can
be produced by present or future mining methods without overcoming the geo-
chemical barrier presented by metals trapped in silicate° solid solutions. °

'a
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Using the kind of analysi5just /given for tie United States, which ac- .

'counts for;' approximately percent of the world's land area, the upper 'limit
for U.S. topper production is. suggested'as 0.9 x.109 tonnes (109, tons).

Reserves of Copper
. .

The U.S. Bureab of Mines published a Commodity Data Summaryi. anuary
-"---19.74 listing the U.S. reserves of contained metallic coPper, es mated to be

¢f'`.
producible at a price of 50(Upound, to be 75 x 106 tonnes 106 tons).
Information on world reserves is less satisfactory because o nadequate'
reporting in some eountrie&; bat the U.S.G.S. figure of . x 106 tonnes.
(344 x 106.tons) given in/17:P. 820 is probably close correct'. 'Thepresent
annual world production ,of copper is about 7.3 x 106 tonnes (8 x 106 tens)
and past producti can,be estimated between 91 .n. 140 x10,tonnes 01)0 andvt
150 x 106 tons Reserves plus past produ on a ready-amount, therefore, to
approximately 3 percent Of the 1.4 x ' tonne (1,5 x 10" tons) suggested

\as the,w6rld' ultimate yield. B t e same kind of reasoning, the U.S
resefves, plus past productio., are about 16 percent of the U.S, ultimate
yield.

Reserve5,e,b0wev , imply a high degree of certainty both as to.tonna
and an id it a common practice for mine operators /to report as

..--

.reserve only tha material specifically tested and devp/oped for:minin
the immediate uture.4 A mine may therefore-have a large annual produe ion
but\7port c tstan or even increased reserves from/Year to year
happening that resources are being.transferred/by development to reserves
EstiMatio of ultimate yields by means other tha the simple approach-Pal,
ready us therefore, would involve indirect ,a d congeqqbntly less,dertain
means 0 evaluating grade, and distribut on of ore. bodies.

SIZE OF IDENTIFIED COPPER D 'OSITS OF THE WORLD

During the last six years, three st dies have provid.d extremely valq-
Ie information abput the size of know' copper deposits. Such information is,

f course, the cornerstone of any con deration of undiscoVered resources..
These studies evaluated copper depes ts as fellows (see the Bihligraphy
at end oT report for references to these studies) and found the average size
of all deposits to be slightly rger than 900,000 tonnes (1 million tons)
of contained Copper, but the ange in. size to,be very large

1.?1,3 r'
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Investigator

Pelissonnier,
,1968

Pelissonnier,
1072

Amax, 1970

7 No. of
Investi

posits
ted

,i74 (USSR i c-uded) ,

522.-fUSSR i cluded)

' 315 (USSR eX lUded)

\ . Total,Copper Metal"
Contained (Past'Production
plus "Reserves")

3 6.million tonnes ,

(392-,mi-flionshort tons)

396'million tonnes
(436 million Short tons)

390 miflion tonnes
(429 million'shorttorW. ,

, .

The-ithrepstudies only include aterial that is minable by present
technologK)and economic standards. he low grade ore, between grades-of OAP' T '

And 0,1:9ercent CU, therefore, is in dequatply represented in the estimates
-Neverthelegs, some very significant o servations tan be drdWn concerning the
size, bttypei ancedistriatiOn of ce

,

depoSits. . ' - . .
'

q
opp

.

.

Concentratio of Copper

e*.
The Amax study._is particularly value ble in that it indicates that the

bulk of the copper in the kind of deposi so fdr disCoVered is/contained'in
a'small percentage of the deposits'--28.9 ,percent of the deposits contain 84'.8.
percent of the copper. This is Summarized in Table where the deposits are
rouped by size classes.. Torreach class the upper tonnage A.
the lower tonnage limit multipliedby the Square root of 10.
contained in Table 1 is graphicallY-presented in Figure 1 a
distribution by Class, and in Figure 2 withu cumulatiK0 di
2 shows that the first three classes of depOsits (Mote tha
or 1 million tons of metal Contained) account for the ma-()
copper tonnage in known deposits.

mit is equal to
The information
a frequency

tribution, Figure
900,000 tonnes

.

,

part of the

Deposits in Class #1, with from9 million to 28.7,miillion tonnes ,(10
6

milliontb 31.6 million tons) of Wal. Contained, can bedescribed as "super=
giant" deposits, whereas those inClass #2, with 2.9-to 9 million tonnes'
(3.1 million to 10 miflion tons) of copper'contained, may be labeled as "giant"
copper deposits: These two classes provide the bulk 0 the current product-
ion, and it is reasonable to suspect that their, undeveloped resources are
sufficiently large to ensure that the same be true in, the fUture- The'
concept of giant and super-,giant deposits is Ap arently just as important in
mineral deposits as it is in petroleum and gas- Giant and super-giant
deposits with grades between 0:1 and 0.5 percent copper will presumably

,account for the bulk. of :low grade copper resourc s,.when they are identified..
We cOnclude, thereforethat_the low grade coppe resources will be found
within geological features that are relatively la ge and that deposits formed
in completely unsuspected geological environments are unlikely.

144
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Distribution by Geologic Type of DepoSit,

'Piny 'respurce appraisal-or resource developmej# program must pay special
attention to an,analycis of geologieal environments mast favorable. to deposits
found in Classes #1 tp 43,. and especially to those of,Cla'ses itt and #2.
Many different geologic types of topper-depoiitshave been recognized and

*mined. .for,definitions,.. the reader is referrect.toTrbfeSsional.Paper 820-
--and to Pelis'sonn. er/ ..(1972. . ,

. .

,'Table2AndicateS- that 89,pereefit of the comer mined and developed as
reserves ecuxs 'kinds ofdeposits and Emphasizes the critical im-
Perth 0 of porphyry coppef and,stratabound cOpper'depOs,its, whieh,together
'contain '79 percent of the known copper eserves. Iris probable; but not

'.-- proven; that yndiscovered resources will show theme diStAlutipn. .The-
edlogical age distribution of the three main-tyres has,alsa been shOwn in

. able 2. It:appears there may be a.definite age range for each ,type. This
is'an4her geologie-factor which should be used in resourCe'apPraisal of
geological belts known age.

It is int resting to note that of six deposits in tonnage Class.7i1, four
are:porphyry copper and two are "strata-bound; in 40 deposits in Class #2, 28

/ are porphyry 'copper, nine strata-bound, two massive sulfides and One'associ.7.
ated. with:basic and ultrabasic rocks. -Thus, the twb main. geologic types of
deposits provide the largest deposits.

The u.s .p.s. has initiated a study of. siie_and grade characteristics
of selected.copper deposits by geologia_type and location. Result's published
in Professional Paper 820 are ,shown. In Figure 3; they confirm Pelissonniers
data, that porphyry and strata-hound,copper account for the largest deposits.
The U.S.G.S, data also suggest that marked ,differences in size may be found
within a given geologic typein different parts of the world.

After assembling data for the copper chapter in P.P. 820, Cox, Singer,
and brewof the U.S.G.S. continued- upgradingn their inventory of known copper
depoOts- and released the data in Figure 4 to COMRATE. Althoughit does not
refine the indication in-P:R. 820 that there are geographic size distributions
within classes, it doe's indicate that exploration and ne.widevelopment can
,significantly change the reported world reserve figure. Their new estimate
is 340 million tonnes (370 million tons), significantly higher than the
earlier number of 310 million tonnes (344 million tons).

The porphyry population,which at-Counts for 50 percent of the copper
reserves, ha-s also been the object of a recent Special analysisAby the W.S.E,S.
group. Their conclusiOn, that both tonnage and grade have a geologic upper
limit but an economic lower limit that changes with time, can be deduced from
Figures 3 and 4. The wide scatter of tonnage at each grade level can be

..,expected for lower grade levels. This means, however, that total metal con-
tent of lowerigrade deposits will also be lower than for deposits known to
date.
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Changing- Size and Gradeef Deposits with-Time

dnc'important result of recent studies is documented by Figure
.

S anclTablq 3... The.data show that recent aiscoverieS are, on the average,

ower_ingrabe tban.deposits brought,into productionprior to 1960r For,

A,instance,.the median dimensions for 19 pre -1.960 porphyry Coppers are 4t0

,sI- million tonnes (49S-miiliOn'tons) of,O.84 percent,copper-ore containing -3:8
million. tonnes (4.'2 million tons) copper metal. This can be compared to
-median'values for alliof the-78 selected porphyry coppers known to date Of:,
-224 million tonnes (246 Million tons) of 0.73. percent copper'ore with a metal
corktent of L.7 million tonnes (1.8 million tons). This illustrates that, in

most areas?, the, first discoveries were the!-largest'and it. may be'explained
by the .fact that, in 'comparison with the smaller'deposits,found later, the
.large dimensions' of the first_diseoveryalloW greater' chances of surface ex-
pression of mineralization and, herefore, easier discovery. -Table 3-illus--

trateS again what :Figure 3 pointed to: there are geographievariations in

grade and tonnage of potphyty coppers.

The bimodal grade distribution observed in Figure S is explained by.the

,process, of secondary surficial enrichment. superimposed on primary copper

.deposition processes and/or high cut-off grades in politically sen4tive

areas. The tonnage displays a Unimodal distribution,

With a view to explorationplanning, Amax analyzed the size distribution

of porphyry copper deposits in two pattS,of the North American Cordillera%
Figure 6 shows that, hs of 1968, gialt or Super-giant deposits wetenot
known in:BritishoColumbia an'd the Yukon, whereas;. in Arizona and southwestern

New Mexico, many giant deposits had been discovered. The situation changed

after 1968 when the first British Columbian giant copper deposit,'Valley 0
V I

Copper, was discovered. This illustrates one of the pitfalls in forecasting
undisco'vered resources and demonstrates the need fora Continually upgraded

data base.

Another demonstration of the need for frequent updating of reserves and'

revisions of resource forecasts is clearly pointed out by the changes over

time in the appraisal of the tonnage and grade. of thediingham.porphyty copper

deposit. This is illustrated in Table 4. The remaining proven ore reserves,

as of 1970, are five times lhr4er as to ore tonnage and 2.5 times larger as

to metal content than the reserves.as of 1915--and this after extracting,

between 1915 and 1970, 3.4 times the ore tonnage and 2.2 times the metal

itonnage of the 1915 reserves. Bingham s,n,super-giant, Class #1 deposit

which.was explored in steps. By comparison, many modern discoveries are.

evaluated thoroughly by drilling the entire deposit, including its submarginal

mineralization, before an optimum productidn plan is decided upon.' This

modern approach allows ,improved estimates Of"subeconomic" identified re-,
sources; however, such information is rarely available from mining companies.

NonethelesS, the information is critically needed for resource-evaluation
prior to mineral policy formulation.
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Discussion of Lasky Rule

udying domestic porphyry copper mines operating before 1950, S. G.
Las Of the U.S.G.S. discovered that within the narrow range of then_econu,-
mica y minahle gradesjanarithmeticd-vline in grade was associated with a

'o. geometric increase of the tonnage f re!erves, which he expressedas:

Grade = K
1

K
2

(log tonnage

in which. K
.1'

K
2
are constants..

ca For the ,average U.S. porphyrycopper dtpdsit, he found that a decrease
in grade of 0.1 percent Cu was associated with an.increase fn tonnage of ,-
about 18 percent.-

.

In his °paper, Lasky stated that similar tonnage-grade relationships
seemed to apply to such"widely-divergent:deposits as the.iow--grade syngenetit
manganese deposits in the Artillery MoUntains' f Arizona, the Vanadium and
phosphate depOsits of Idaho and Wyoming, the F lconbridge nickel.deposit, and
the Alaska - Juneau gold deposit.

In the erroneous belief that the Lasky pri ciple, could be extended' to all
''kinds :of deposits' and over virtually all ranges of .ore grades., various. writers
have arrived at grossly optimistic and completely unrealistic estimates of
undiscovered reserves oftlineral resources withoiit sufficient regard for the
geOlogical evidence.

The French school of geostatisticians headed by M theron has, shown
in a general'manner, ore deposits over large area ten 'td have grade distri-
butionwhich, when plOtted as logarithm's on the bscissae again\st the ton,
nage plotted,on the ordinate, yield a normal Gauss an bell-shaped curve.
They have afSo recognized, as a sequel of this more general principle; that
Lasky's rule will only "hold true for a restricted' range of values in economic
deposits above some lower grade limit. Outside"of this range, however,
Lasky's rule will lead to absurd predictions and unrealistic expectations on
tonnage-grade relationships% It will manifestly fail, fOr example, with
high-grade iron and aluminum ores, ° 7

A
T. S. Lovering', in an excellent study published in the voluMe "ResourdeSD

and Man," pointed out some of the liMitationS of Lasky's rulei-on both the
high and low tonnage sides, both of. which lead to Obviously meaningless con-
clusions:. He argued that such processes as fracturing of rocks, weathering,
and sedimentation often result in higher grade minable ore bodies, but with a
more or less pronounced break in the continuity of ore grades when approaching
the' surrounding protore or'barren'rockz. He warned that Lasky's A/G (arith-
metie-geometric) ratio should be found notoriously ineffective for the
majority, of mercury, geld, silver, tungsten, lead, zinc, antimony, beryllium,
tantalum, niobium, and rare earth. deposits.
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It is evident that Lasky's prin
//
iple, while It ful in'ayestricted,

practical,range of. values for many ndividual mines and mining diStridts,-fhe,

geological evidence-permitting, st be rejected as a universal tool for the
statistical evaluation of minerOdistribution over larger areas. In parti-

cular, the use of Lasky's rule,;to- predictfuture giant-siied, still ower-

grade, resources is erroneous;: overly optimistic', and unrealistit. The

number, of giant and super-giant ore bodie* with grades between 9. and Y.5

percent is probably very small if, in fact, any exist at all.

/.
Geographical Distribution: .Copper Provinces

Pelissonnier demonstrated that the concept of metallogenic provinces is
definitely meaningful with-regaro the distribution df copper deposits

-,around the werld,. 98 percent of the Coppe,inv.entoried by Pelissonnier is
contained in II copper provinces, which cover pnly a small 'paTt.of the. contin-

ental crust: TheSe 11 prbvinces are listed in Table 5 and shown in Figure 7.
Thus, the, distributions of copper deposits, with regard to metal content,
geologid type', location,. and geologic environment, (i.e., geOlOgic province)
demonstrate patterhso4hich might be used in resource appraisat This know-

--ledge alIOws extrdpolation s to what may be, found in unexplored areas and

under cover of barren rocks
It

-FollowingaiwOrksone.oftheattendees.aUrEimon,
served asocoordinator in assembling and preparing a map On which all known

copper deposits, Whether under production or not, are plotted. From this

valuable map (Figure 19) the location of-several metallogenic provi des is

readily apparent; for example, the Urals, a belt along westernSouth America

coinciding with the Andes, and a remarkable liApar belt in Zambia an Zaire,

We consider it possible that within'thes&metallogenic provinces, as uch as

0.01 percent of the surface\\may be underlain:bY deposits' with grades o 0.1

percent or. better. Outside Of the provinces[the frequency of deposit is

celliainly much loweT> \

COPE ' RESOURCES OF THE ,WORLD

'-. \

Just as we seek td-,1,parn the past in order to plan better for th\

future, so can we use oUr'khowled of discovered copper deposits (including

as productidn and "reserves " ).,to a age, in tOnsidering undiscovered A
copper resources of the world. This k can be employed either in

1

subjective appraiSalv bk--georogists\using eir experienced judgment, or as the

fo4Adation for a qua ita4v* appraisal moo taking into consideration cost '

and price factors
: ,

,
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_"Experienced:Judgment" Geologic' l Apprai

Depending upon the degree of geologiCal knoWledge in 'the areas involved,
such appraisal. can be' made as follows:

1-. In known copper provinces: the.potential for discovery f--7.6W copper
resources can'be assessed for each geologietype of deposit own, or
eXpectable'in the 'province:,

\.

. Approach)

(a) as to the number of discoveries to be mad , according to the
degree of exploration .o'l the geologica4ly vorable environments
and to theAensity ofmineralization,in nown mineral districts
and belts; and

(b) as to size of new:deposits ac ording to tonnage and grade
distribution,of known deposits the province-t,

,

new copper provinces, newl recogpized bevause of a recent
discovery, e.g., Australasian Island rcs, Cdntral America and Central Iran
porphyry - copper provinces, the potential can be assessed bycOmparison with
geologically-similar known provinees here the largest, known deposits.of the
same geologic type are similar in siz and geblogy to the recent discovery
in the new province. o

3. In potential fulure copper provinces, 'which are regions considered
geologicAlly favorable the occurrenCe.of copper depgsits, because:of
geological, similarity with known coppOr provinces`. The provinces can be
assessed simply by comparison with an average of geological* similar coppei
provinces, using statistics of the deposit population in similar areas. The
Pacific Belt of Far Eastern Siberia,-the,eastern side of the:Ural Mountains, A

and parts of North"Africa may be considered aspotential fUture provinces.

The.U.S.G..S. copper resourCe appraisal reported in Professional Paper
820 employs the judgment method. We have removed from their estimates such
resources -as copper-bearing nodules on the bottom of the ildeep oceans,.and-
have increased world reserves to take account of new data and summarized,
their results in Table 6. The indicated total of 0.13 x 1010 tonnes (0.142 x'
1010 tons of contained copper is, thlts, 10 percent of the 1.3 x 1010 tonnes
-(1.4 x 1010 tons) considered a recoverable maximum, The "experienced judg-
ment""method cannot reasonably take into account the potential of regions of

unknown geology, such as parts of Antarctica or the sand and laterite covered
,regionS of Central Australia. We do not believe it.likely, however,-that the
"experienced judgment" method is low by more than a factor of two or three.
The' "experienced judgment" method cannot account for completely unconventional
resources, such as manganese nodules, for which we lat.* experience. What the
"experienced judgment" estimate suggeSts, therefore; is that a yery.signifi-.,
cant fraction of the world's recoverable copper resources will, be found in
deposits of the kind with which we are already familiar.
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Quantatati Geologic'- Economic Retource Ap'prai°Sa

7
hi, a. .roach pioneered:by thp European Economic Commun .was

applied to cope Leisources/by.J. 13rinck. FiTure S (rpprodticed from Brinck's

1971 ticle) p... basAd on- a study by Princk, using 1,63 copper data °The"

Euro eean Cam serve-resource terminology has been modified° to.con:--
---

form with t, e B.M. classification,. ;fire hoiqignfit.1 scale depip
the total copper/co ,.. - o I .ups orpossibly mineable deposits, .theVert
scale t average grad --_suc g-rouRs For the whole world, Brittck assumed -,

a rock tonnageof 018 tonne. 1 x 1.-0-1-& tons) ts,an average depth. ofo 2.5 km

(1 . 6 miles) with an age tit* 70- pf)ii-cu . Akis is shown at,the origin
of
and-;,conS, dering the total, voldme of 1_ 8. torinek (1..1. x 108 'tons) worldwide. .

-:----__Readin viti' t. t e.,e r t i c a I scale, we find 70' ppuT Cu

. as a po s le copper deposit, its content Trk---C -i-6.....7 x' 1013."to.nnes (7.7

1013 tons Cu on the' horizontal scale. ,. , . _ --
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1^0
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1n. reading down along the 1 million tonne ljne of this. diagram, at the..
intersection. With the 107tonhe Cu line (up from the hotizontaf scale), for
example, we find a,grade (on the vettical scale) of 2.82 percent. .The infer-
ence from this is that, worldwide, we may expect the presence of the equiva-

. 'lent of '10 ece bodies of 35.5 Million tonnes (39.1,,,Million tons) of an
average of..-2,82 percent Cu ore, each containing 1- million tonnes Of Cu 'metal.
This'finding,muSt be interpreted, not aS saying that these 10 ore bodies. will
eventually be encountered as 'such, but only that the-occurrence of such a .

'body ean,tbe.deemed to be .10- times as likely as that of the single 24.4 million.
.., _tonne type ore body of.:4.1 percent Cu of the diagonal line.

. _ ..,
.

-

Caise.to- fhe,centgr. of the.Tris,--line for one million tonnes, the gra.01T
shoWS a pointmarked'196a. This represents the total 1963 world inventory,

im, established 'by the Falropean Economic Communities, of Cu metal in past pro-
duction and estimated.reServeS of 220 MilliOn tonnes (242 million tonsrof

t

Cu metalqpresent_in ore...of an ove-rall' average grade of about 1.65 percent,
From the data of this inventory, a specific-mineralizability, Q = 0-.1981, for
.copper was derived.'

which

10
18

?cc

138

m -7
10 X 7 x .10 x ( ..,....).H= 10 or m -41.og

-5 . 1.1981 10

17 ..A '
7

s 1.1981
log -.)

yleids m = 35.253, meaning:that the grade of this single depositof
.

= 24.422 million tonnes (2'6.9 million tons) is expected tO be

(1.1981) x 70 ppm = .40;950 ppm or 4.1% Cu'

Ascan he seen an Figure. 8, this is one of the points on the.diagonal line

through the origin.

Byimanipulating m the the6tetical size and grade of deposits containing
the same tonnage of metal (say. 1 million.tonnes), but of lower grades.than
those represented by the diSgOnal line, can be found. Clearly, the combined
Cu-tonnage of these lower-grade deposits and the frequenp of their occurrence
are expectably higher than for the single highest-grade deposit. This trend'
towards more ftegOent occurrence with loWered grade is Also expressed on
Figure 8, and the entire system:of Unes has been labeled the "fris-diagram"
by Brilick.

4.FA

Anothersystem of cuTvet linen ap arse on Figure 8-and they attempt to
.

Ldelimit the economically viable cOmbi atiops of.tonnage-and grade established/
for 1963 conditions, of inte est to the industry and on which-, therefore,
exploratory activity should b .focused..
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f . The areas of economic interest delineated on. the gtaph by limits of 40,
60, and,;804.1pound copper were arrived at by computing the expectable "unit
.cost" including Operating, capital investment, and exploration costs pet
pound of copper, for each tonnage and grade combination, along any die: of the
lines-of the.lrisrdiagram (063 figures).

The area.delineated by the 404./p6und curve to the left and the vertical
.

tqine thrO6gh the poknr."1963",indicates that a total potential-of about 0,98,,

,x 10111 toiines, (1.08 x 101° tons) of, contained copper existed in 1.963 for

conditional and undiscovered :resources. limen ignoring changes in price and
amountained, the total, resources suggested by the Brinck methOd do notAiffer
drastically from Other estimates.' They are less. than an order of magnitude. ,

above the U.S.G.S. estimate and very Cl4e to the amount of'recoverable
copper" suggested earlier'frbm simple geoc emical reasoning.

Unconventional Copper Resources: Deep Ocean Nodules

Besides conventional kinds of deposits, we Must also be aware of the
possibility that completely unconventional deposits,'not heretofore exploited,
_ay Ovigutilally be transferred from a resource'categety to a'reserve. The

only Possibility we can identify is the copper contained in manganiferous
nodules on the deep ocean floor. A great deal ofattention has- been focYsed
on'the nodules leading some to be optimistic,' others skeptical about the
PosSibilityofjuture exploitation, There "are four principal reasons for
believing that a change from resource to reserve may Soon be realistic:

1. Industry representatives predict that techniques allowing full scale
mining of nodules from the floor of the Pacific Ocean at water depths between

3,650 and 4,580 m (12-000 to 15000 feet) will ble successfully developed and
tested by 1976 (Dubs, 4974).

2. ,A viable regime ef exploitations'by the private mineral sector has
been proposed to Congress. (N.R.'12233 and S.- 2878 introduced January 23, 1974introduced

by Mi-. DoWning and,Mr. Metcalf). The bill would provide the Secretary of

the Interiot with authority to regulate-the hard mineral resources of the sea

floor pending an international regime.

.,
.

3. The First international Law
,

'of-the-Sea Conference, held in.Caracas,
f

Venezuela in June 1974, recognized eopper4itb'manganese,nodules
,

as a poten-

tially valuable resource and one of the reaso0'-for trying to settle pwner-
Ship problems at,future meetings. c

.

4. At least two Sliccessful metallurgical piocedures"have been developed

for processing the recovered nodules.- -- Although the procedyres now. consume
approximately Tivetimes as much-energy to produce the same amount of refined
copper as is consumed in production.of6copper by conventional methods, "it can

be' anticipated that the "energy consumption' will Aetline with technological-

experience,
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As a consequence. of these measures,, economic recovery of copper, nickel,
cobalt, and110ssibly manganese and molybdenum has been predicted for 1980 at
the level of 9,070 tonnes. (10,00 tons) of nodules per day (dry'weight) or
about 2,730,000 tondes'(3,000,000 tons) of nodules per mining unit per year.
if the variclus predictions have,.any validity, as indeed they seem to, the, -
magnitude of the resource is such that nodules may be destined tb play
significant role in future world copper production-. It is possibleto fore-
see a major role for the copper 'from nodules in the production of topper
during this'eentury.

o

Estimates of the magnitude of copper' contained in nodules made'in
Professional\Paper 820 under, the Classification elf-conditional resources are
of the order of 454 million tonnes -(50 million tons). of copper metal. The
numher is not explained in detail. Earlier estimates'by Mero (1964) and by
McKelvey and Wang (1969) Kaye, indicated that nodules are widespread and'
abundant on the floor f the'world oceans, a.nd suggest that the Professional
Paper 820 figure is i1y very conservative.

Size of Copper Resources in Nodules

/".
Data for estimating the magnitude of thecopper resource'in .nodules are,

, . in the hands of the private sector, derived 'from privately-finapted explora-
tion and sampling otmining sites, and, in the public sector, derived/from
the National Science Foundation's-IDOE'program, which assembled .(lat- from
vaFious oceanographic Institutions both U.S. and foreign. Unfortunately,,,
there is little' in'the published material of the IDOE reports (1972, 1973).
that can be directly applied to an.estimate-of the Copper-metal resource in
manganese nodules and theprivate'sector has so far been unwilling make
all of its information available. .

Although nodules have been known .since 1876, the quality of the pUblic
data bank remains low. Little statistical quality control can be applied to
the data and the tC inology of sampling and explOratien is still. elatively
primitive.- Much pr.gress also remains to be made in understanding the
process of nodule genesis. Nonetheless,iising such data as are available
from IDOE reports, anempirical estimate of the copper nodule resource can
be attempted dither byo. "gbological control" orHiy an "area of influence"
approach.. a Z

A. Geological Control Approach-By 1972 sufficient .was known of the
copper cohtent of nodules from th4, world- oceans.for tho,data reported in _

Figure 9 to. be compiled. -Nodules containing. the. highest copper contents are-
found in a band on the Northwest Pacific 0c,eanfloor (Figure 10 between
7 °30 and 15° N; and 110° and 160° W covering an area.of 375 sqoare,degrees
or about 4,470,000 km2.- (1;720,000 square'miIes). ThiS is a Unique, province

of siliceous oozes wish All-defined boundaries, characterized by low sedi-
mentation rates. Althopgh the word '!average" is not defined in the reports,
t-e copper contents of'nodules shown on Figure 10 yield an "average'.' of 1.16
R,rcent,copper by'weight." .
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Unfortunately, IDOE reports do not provide data on the abundang of

nodules on the ocean floor, and we have been unable to obtain firmestimatOs

from other sources. However, estimates by Schatz (1971) indicate a range

5 to 20' kg/m2 (1-4 lb/ft2) with an "average" of 10 kg/m2 '(2 lb/ft2).or

10,000 tonnes/km2 (26,800 tons/mi2) for ocean mining sites (Figure 11).

This suggests that the magnitude, of the copper contained in this unique

geological province could be as large as 4.5 x 1010 tonnes_ (5 x 1010 tons).

If the North Pacific Province is unique, it repTesents-roughly 4,4'7.0,000 km2

. (1,720,000 sculare miles) Out of 45,000,000 km2 (173,000A00 square miles) of

total world ocean: area, Or, roughly, 1 percent. BecauSe it, is known that

nodule densities vary greatly, but little is known quantitatively aboutthe

,."patchiness" of nodule distributionv itwould-be safest-to accept 4.5 x 1010

tOnqes.(5 A-1.010 tons)''as an unreoverablp maximum and to assume that no

more than about 1 percent of the predicted total iS"-puasOnt and recoverable.

This. still suggests that at least.0.645 x 1.01° tonne ,(0.05 x 161° tons),

Cu metal might be recovered (Tables 7 and 8). If.the province is not unique,

and if it can be hypothesized that even ohe comparable environment_exists,.

copper in deep sea nodules might be assumed to increa-se,proportiondtely to

as much as 109 tonnes x 109 tons).

B. Area of .influence Approach: -ifit is assumed, that the oceanshave.

been-"Voroughly sampled" (i.e., no new sites remain to be found) and that

each point with nodule abundances represents a. location (on the map, ,Fi ure 9)

arbitrarily comparable to that on Schatz's map (Figure 11), 51,500 km2

(1.98,000 square miles) or four square degreeS, the copper tonnage in odules

can be estimated as follows:

Pacific (Figure 9A)

Atlantic/Indian (Figure 9B)

No. of Stations

'Cu 1.0 r 20%Cu 0.5 -T.0%

66

11

25.

0'

By taking an "average" abundance of nodules of 0,000 tonnes per km2 and

median values for coppet percentage, the tonna es are .as followS:

Copper Tonnage in Million Tonnes

@ 0.75% C t. @ 1.5% Cu

193__-
Pacific (Figure 9A) 255

Atlantic/Indian2(Figure 9B) 43

TOTAL 29

1

193



142

Be ause both estimates.A and B are of the same erder-ofmagnitude, and.
becauS each is probably conservative, it appears.'fhati).the amount of.
copper in nodules may be of the same order of magni6Ide ase9pper in developed

er es,of converftional ore deposits; (ii) because, the nodules are an
iden ified (discovered) resource, their role in future copper supplies will
become increasingly significant; (iii) consideration should be given to
research-for enhancing knowledge of the deposits, and (iv) policy-implttationg
of nodules to future U.S. cooper supply are highly significant.

Summary of WorldCopper Msources

However the world's copper resources are estimated, the recoverable ton-.
nage, without having to extract the metal from silicate solid solution, seems
to lie between 0.5-x 16" and 1.4 x 10" tonnes (0.55 1.5 x 1010 tonS). The
upper limit is an-orderef magnitude _larger /than the copper resource figure
proposed'by-the U.S.G.S. in P.P. 820. World reserves ofcopper,are
World, supply to the end oCthecentury'for this Critical metalso vital for
the effective distribution of electricity, will apparentlyfdepend mare on
additional mining and processing capacity than en .discovery og new depdsitS:

,_ .

/

United States reserves of copper areC15,million;tonnes (83 million. tons);
and the U.S.G.S estimates that an additional 90- million tonnes (100 million
tons) .of undiscovered resourceSexist in/known mining districts elus 109
million tonnes '(1M million, tons) in undiscovered, districts (Table Pri-
mary Production of copper inthe U.S. is 1.5 minion_ tonnes. (1.7 million tons)
-a year and growing. Viewed.solely. from/a reserve in the ground point Of view,
domestic copper supplies thus seem to. be a.problem:of the 21st, not the- 20th
century. However, economic factors :intervene. These are discussed ia the
next Section. Despite the seemingly sanguine reserve and resource pictures,
it develops that addltional discoveries at a significant rate will be necesi..,
sary U.S. production rates are _to be maintained to the end of the-century,

' The panel concludes, therefore, that there is a need to, stimulate effective
domestiC ffineral exploration and production.

On a more technical basis, the panel concludes that one'specific aspect
of copper resource appraisal which. deserves special emphasis by the U:S.G.S.
is a study of potential strata-bound copper prow nces in the U.S., based on
an analysis of strataLbound copper deposits of fRe world,siMilar to the

of-porphyry copper deposit's.

UNITED STATES PRODUCTION CAPABILITY

.

U.S. and World Mine Production

Table 9A shows, according to the JanOary.1973 U.S.B.M. Commodity Data
SumMary, primary mine production and reserves in the main eopper producing'
countries of,the world. The table suggests that U.S. reserves of copperare

A

155



143

adequate to meet U.S. demands during the_next 25 years. However, analyses

of the supplyof copper from primary U.S. sources presented by Wimpfen and

Bennett of the,-0,S.B.M. before COMRATE, and published by Bennett et al. (1973),

indicate that the future picture, is not as clear as Table 9A suggestS. Other.

(factors intervene and make.it most unlikely that self - sufficiency can be

reached and maintained. COMRATE,believes that these economic analyses, made

using available information on reserves and conditional,resources (identified

subecortomic resources), have much-Validity. The analyses take into account

the lead times requited to' exparld,an existing operation; or to start a new

operation, and. the declining production capacity of mines nearing exhaustion.

Potyltial,Deficit in Domestie Primary Copper Supply

According to an analysis by Bennett et al., the apparent U.S. consumption

of primary refined copper ,in11972 was 1.7 million tonnes (1:9 million-tons),

which were supplied,86 percent fro-in domestic mines, 10 Percent from net

imports, and 4 percent froth a drawdown of stocks,suchstocks beingmostly of

domestic origin. At an 'assumed, but widely accepted, average annual con

sumption growth rate of 4 percent, the demand,for primary capper inj985 .

would benearly 2.6. million tonnes,(2.9 million tons) (see Figure 12). How

ever, projected mine production will be only 1.7 million tonnes (1.9 million

tons).in 1985, This .tes.plts in aTredicted 900,000 tonne (1 million ton) '

deficit in dOmestic primary supply 12 years henCe. For th9 immediate future,

lack of domestic smelting capacity is more impertant than mine capacity. Due

.in part to,environMental'protection restraints', declining smelter capacity

may also cause a deficit,, Attempts to predict,the possible longer term

effects of environmental control r iegultions (see Figure 13) sukgest a

deficit-Of 410,000 tonnes (450,000'tens) by 1980.

Thus,the U.S.B.M. contemplates a reversal from self-sufficiency in

copper to p growing dependency on-imports (shown by the area between mine

production1 and primary demand in Figure 13). The li,..S.B.M.,doeS point out,

without endorsing its point; that mine production without any constraints,

based on announced expansions in prior years and continuation of normal

growth rate for the latter part of the period, could apparently, satisfy U.S.

primary demand. For this to be true; however,'U.S. smelting and'refining

capacity would also Have to be expanded. ;in an environmentally acceptable

manner to treat the mine production. ."

- U.S. Ptoduction Capabilities Based on Identified Resources

An illustratien of , expectablecomparative 1970 cost levels, for a hypo-.

-thetical,Aarge, new U.S. operation, comprising a mine, mill and dumpleach.

facilities is given in Figure 14:derived from data:by the 11.S.B.M: The

chart shows a "Net Smelter Return" royalty of 5 pergent on the resulting pro=.

ductioh: copper sulfide concentrates;' copper cement precipitates and.elettro-

Won copper. The chart also shows the relative magnitude of taxes; profit

156



required for a 12 percent DCF-ROI after tax, and postconcentrator costs of
transportation, smeitin and refining to suggest a "minimum selling- price of-
'copper."

Each "cost" element
allowable depletion, local
12 percen 'discounted cash.

)1/11owever, the tax and profit
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The distribution of U.S, primary copper p :cucLon\accO. ing to metal-
lurgi al extraction method, is shown in Fable 9B. qt shows that there has-
been ittle changeover the last.15. years in the p.H,'()ion.of'hyo metallur-
gica to pyrometallurgical copper re oVer . 'Anneunce ents have been 'ade by
10 -ompN444s for pilot plants to test ew chemica0, sm. ting,- i.e.) h e °-
metallurgical process-for treatment of .Opp.r sulfides. ' wever,'only on
new; sizable metallurgical plant has. beenan ounced recentl Smelterfor
90,000 tonnes (100,000 tons) metabl per year i New'Mexico:' I ould appear..
that new metallurgical approaches will have at impacton product 11 nly
years hence.

4 ,,,

In 1050 and 1960-_:25 percent of ore was extracted in underground opera,-
tions; the increasing aMbunt of open7Oit.extraction *reflected by'a,

°decrease of underground extraction fn.1.970 to 1°6 percent, 19737-27 percent
,

.
.

iw.o.
.

,

Breakthroughs in rock shattering (fracturing) technology and the. develop--
'merit of lixiviSntSthat would allow in situ soidtion mining'of low - grade.

,
sulfide *es at low cot's would considerabloy.increase.the reserves .of copper
in the U.8. IlOwever,.eveti though "considerable work iV 'rig done along

\ 11tlese lines, no low-cost methods )lave been doveloped.to tefer deep, low -
grIe, sulfide ores. Again, such approaches,if they are successfully*devel:
aped, will affect production of copper in 20 years or more.

U:ing,the costs.shown in Figure 14, the U.S.B.M. has determined the
amount o dordestic recoverable copper resources, measured and indicated
economic resources (reserves) available at different". prices of copper Such
resources were computed -also for different rates of return (DCF-ROI after all
taxes). The results, graphed in.Figi6 15, show how price-sensitive copper
resources are., At a price of $4.4P per kilogram ($2 per pound) of copper;
about 162 million tonnes (180million tons)'of copper could be economically
recovered. This is to be compared with 1972-1p73 statements of U.S. reserves
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in the, range 73 to 81 million,tonnes (81 to90 million ,tons) of-copper, at

50 to 60(t price. These estimates allow a credit for,th by- products of copper

production: gold, molybdenum, andsilver.
ty$ .

The U.S. .M. determined that the potential annual roduction ateat

.
12 percent,D0P-ROL and SO(t price, is.about 2.3 million tonnes (2. mOlion

tons) of copper per year (see. Figure 16). However, thiS,assumed that no

Vestrictions are placed on the scheduling of production from the deposits; no

time is4'allotted for expansion,' development, and startup. But, in.reality,

some' copper operations justify a long projected life, wh reas others can be,

reasonably projected for only 10.to 15 years. Also, in eality, time allow-

ances must be made for preproductibn'development, startu , and expansion y,

(Bailly,'1966). For a new operation, feasibility'and en ironmental studieS

.
will take from one .to three years and the subsequent preroduction develop,

ment from two to seven years. .Startup period needed to each decisibnapa-

city will-besix to eighteen months.

Using the 1970 capacity as a base and applying reali tic time factors,

it then turns out that the increased theoretical capaciti s shown in Figure

16 could not be reached at all, as shown in Figure 17.: If domestic operators

could double their produttionrate (from tWo percent to fdur percent of

reserves per year), the theoretical capacities would be reached; such an

approach is not economically wise in the eyes of the mine Operators. In any

case, such an approach would deplete domestic reserves by 'the year 2000. In

addition, the maximum capacity that coulter be, reached at different prices of

copper could not be maintained for lorig, unless,a'continuous replacement of

reserves takes place through discoveries and/or improVement in extraction

technology: The projecticons,shbwn in Figure 17 will, most likely, prove

incorrect because the 4ndustry will react to circumstances and search for,

discover; and develdp neAlepoSits and develop new extractive technology, in

'response'to anticipated demand.

vi As for most resource industries, one oflthe 'limiting Shortages may turn

out to be the availability of capital. it has been estimated that, by th

year 2000, the U.S. copper industry will have to replace 50 percent a ts

1.8 million tonnc.(2 million ton) metal annual capacity now installed, To

this must be added new capacity of 3.6 million tonnes (4 million tens) by,

2000. The investment required "based on $3,630 per annual tonne ($3,300 per

annual ton) would approximate $16.5 billion or $600 million each year"

(Lawrence, 1974). This capital requirement is very sizeable when compared to

the sales value of $2,billion of the primary copper produced currently Per

year, espeCially since recently started operatiOnS cost Much more than -$3,60p

Per anival tonne ($3,30Q, per annual ton), capacity--actually $4,400 to $5,500

pe4 anivai tonne ($4,000-$5,000 Peiannual ton) .

One conclusion resulting frOm the U.S.B.M: study is that additional

discoveries must'be made which will transfer undiscovered resources into the

identified economic resource (reserve) cate ory. COMRATE's copper resource

estimates, and those of the U.S.G.S., indfltt.e that the resource base most
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likely does exist in the U.S. To obtain this transfer, copper exploration
must be continued successfulry."

Need for. Copper Discoveries
4

Additional production needed to satisfy the U.S.B.M. demand foiecast is
equivalent. to putting on stream, each year, an operation processing 36,000
tonnes (40,000 tons) per day of ore, averaging 0.6 percent copper. Assuming ea
a minimum economic liJfe of 20 years (ata. high production rate of five
percent of reserves per year), this is about equivalent to a 230 million tonne
(250 million ton) deposit, i.e., a Class #3 deposit. 'In addition, just to
stay even on its current ore reserves, the U.S. must discover each year a

..230 million tonne (250 million ton),dePosit containing OA percent copper,

.or.a 300 million tonne (330 million ton) deposit containing 0.6 percent
copper, i.e., another Class. #3 deposit. In other words, to maintain its
position and avoid-future depletion by maintaining a steady state of reserve
readiness, the U.S. alone needs to find-two Class #3 deposits each year, or
one Class #2 (giant) deposit, the equivalent of 550 million tonnes (580
million tons) of 0,6 percent copper ore containing 3.2 million tonnes, (3.5
million tons)-metal. To achieve,the Same reserve readiness, the world must"
discover each year a billion ton ore deposit containing 0.8,peitent copper,
i.e., a large Class #2 (giant) depos-it. The record indicates this has not
been achieved in the U.S. in recent Tears through known new discoveries.
.Reserve development has largely been'in areas of olddiscoveries. As
cussed; deposits have limits to their sizes, and it is becOmilig more pie-
valent to teat a body completely before mining starts. Future maintenance of
production mu-§-t.depend.to an increasing-extent on4neW discoveries._ It is
Clear.from the following discussion that the cost of discovery is high.

COST OF MINERAL DISCOVERY

Copper is one of several mineral commodities which are used,in suffi
cient volume,and the reserves of_which are so limited, that discovery-
oriented exploration programs for it by industry and /or government are econo-
mically justified:',

Exploration Phases
-

In any given area containing, Or judged to be'favorable to the occurr-
ence of copper deposits, the;sedrCh effoit over time follows an evolution
pattern inc.luding three geneiafions (or phases) of exploration.

The first generation exploration effort consists of surface prospecting
which results in discovery'of outcropping deposits. This has been, to date,
the Most'productie approach foi copper as well as for.moSt other metal com-
modities. Forinstance, the.major part of the pre -1960 porphyry toppeis was
found through prospecti.ng.
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The second eneration exploration effort consists of geological mapping
and instrumental (geochemical, geophysical, airborne, etc.) surveys around
known deposits, r known metal showings, resulting- in discovery of new

deposits in know! mineralized districts. During that phase the extrapolation

is pragmatic,'ratser timid, and with limited conceptual content. This.ap-

proach,',however', results in substantial increases in reserves. For instance.,

as sheWn in li.gure 18, the reserves created by 21-years ef second-generation

exploration of porphyry coppers in North America during the period 1950-1971
amount to 40'million tonnes (44 million tons) of metal, contained in 39

deposits, as of'1971. This can be compared with reserves, as of the same

year,. of 41 million tonnes (45 million tons) in 17 deposits found before 1950,

in the same area.

The third generation exploration effort consists of using geological
occurrence models (sometimes with genetic content) of deposits andef their

settings. Such models allow the formulation-of predictions about mineral
provinces and mineral occurrences-in the absence of mineralized outcrops and
in the absence of anomalies resulting from instrumental surveys: This con-

ceptual approach. has not yet produced many reserves,.._ but it is expected that

it will in the future, thanks to the major imprOvements-in recent times!in

'the conceptual, genetic content of the scienco of ore deposition.. This

approach is essentially geologiCal remot sensing It is followed, of course,

by geological and instrumental field surIeys.

For each generat1op, the first discovery in any province is usually'
foliewed by a surge of new discoveries. Then this generation (or phase) ends

slowly, with a few more discoveries which show a continued increase in time

and money for each new discovery. \

Discovery Costs

The discovery cost per deposit, or per unit of commodity 'is negligible

during the first generation effort. It increases considerably during the

second generation effort. As .shown in Table. 10, this cost (including all

expenditures previous to development as defined for tax purposes). during the

20-year period, 1951 -1970, increased in Canada, om 0.6 percent to two per-

cent of the gross value of metalscontained in t4 discoveries. During the

15-year period, 19550-1969, it increased in the wes\tern'US., from one per-

cent to 2.2 percent of the groSs Value of metals discovered. The year 1950

marks approximately the transiti on throughout the World from first to second

;generation exploration efforts.

The efficiency of the exploration dollar varies considerably. with differ-

ent generations of exploration, different regions, and different toargets;

this iS clearly shown by Table 11.

Over the last 20 years, the efficiency of theexploration-dollar has ,

decreased by about two-thirds. It appears that this decrease will continue.

Table 10 also shows that the cost for each disCovery has'increased.by a

160
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,factor of seven in Canada; even thoughao reliable data are available for the
U.S., the increase, is probably of the same order. No data are available for

c, costs of third generation disceveries; COMRATE estimates that it will be at
least.10,times,the cost of thesecond. phase.

Adequacy of Domestic'Exploration

For large to medium-sized copper deposits in Arizona, the average in-
vestment to eqUip a deposit for production, including smelter, and. refinery
capacity, is presently about .100 times the actual discoVery costs (excluding
cost of failures at'other sites) and the average value of annual pfoduction
derived therefrom, about 30 times'the discovery cost. The U.S.B.M.'s
economic study of copper supply frOm domestic resources indiCated that the

,

coppers industry in the U.S. should each year equip one new,mine extracting,
daily-40,000 tons of ore-averaging 0.6 percent copper, just to satisfy the
expected increase'in demand. With the recovery of five kilograms of copper
per tonne (10 pounds per ton).of ore,-this represents a gross value of 'Metal
production of about $66,000,000 annually, and a total Investment of
$200,000,000. In this light, maintaining the 1970 level of exploration
expenditures, in Arizona and.New Mexico, is.:apparently adequate to satisfy
the additional demand. However, knOwing that exploration costs have increased
very rapidly in thelast,20 years and will, most probably '(barring cost-
effective breakthroughs in exploration science and technology), continue to
increase drastically, it appears that the current domestic exploration level
is pot adequate to satisfy the expected continued increase in demand: It is
definitely not adequate to provide for a replacement of reserves at the
producing mines.

The neenor increasing (a) exploration effectiveness - "doing the right
things"'which lead to discovery; (b) exploration efficiency--"doing such
things well and at low cost"; and (c) the intensity of the exploration effort,"
is becoming critical. Because of this realization, COMRATE'is -planning to
convene several future workshops on mineral exploration science .and techno-
logy to investigate the followinf topics:

1.- R & D on geological models for discovery planning and resource
app.f-aisal; ,

2. 'R & D for improving detection technology: (a) indirect detection
(geological mapping, geophysical and geochemical techniques, remote sensing)
and (b) direct detection (sampling technology, with emphasis on drilling
technology).
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O LIST OF,TABLES

Table 1. World Copper Deposits, excluding U.S.S.R, ranked by ionnaa'of:

metal .contained.

Table 2. Main Geologic Types of Copper Deposits and: her Geologic Ages.

.Table 3. Median Tonnage, Grade;.and Copper Content of \Porphyry Copper

Deposits.

Table 4.

TAble 5.

:Table 6.

Table 7.

Table 8.

Table 9.

Table JO.

Production And Reserves, Bingham Canyon, Utah (4-1 and 4-2).

Main Capper Provinces of the World

Coppe'r ReSoilYtes.

v \
Probable Copper Resources in Mangane e Nodules; irl Oceans,

Probble Copper Resources, Pacific Ocean Nodule Bel
,

\A,

A. ,_World. Copper Mine Prdduction and eserv,es,

\'

B. U.S. Pyimary Mine Copper:Productie Distribut\ion

according to metallurgicAl extract n.`method.

n North one riMineral. Exploration Costs and Results

Table 11. Cost of. Mineral Discovery.
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ABLIE 2 Maid
1972)

eologic Type

151'

j .
eo1ogic Types \pf Copper Deposits .(After Peliss nier, 1968,
and TheirGdolgic \A es (After C. Meyer, unputi istied)

rphyry Copper

rata-Bound Copp
edimentary Rotk

Cu..Distribution.
by Type \96
1968 1972

51.8

sive 'Sulfides (In
oicanic

522,4

Tonnage' Class Geblogic Age Range
(from Table 1).(41lion years)

Class 1
Class 6,

26.5 26.9 Class
Class

10.7 9.9

Sub oIta1 89.0% 1149.2%

\ In asic and Ultrabasic
R s - 2.9 4.7

In termediate-.Basic
Las 2.7 2.3

Ot er Types 5.4 '3.8

Total 100.0% 100.0%

Class'
Class 7

Mos ,ly 30'-130:
Sal in Paleozoic:
300- 00. Some as
recen as- 1.

Mostly. 500-1,800..
A, few .200-500.
One recent.

Mostly 1;800-3,200.
None between 500
and .1800. Some
younge than 500.
A fewAGQry recent.
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a

TABLE 3. Median Tonnage.; Grade and.Copper. Content of PorphyryCopper Deposits.
Oncludiu pist"Production-O"Reserves") (After U:1G.S.,)...

Units: million tonnes million short tons

<r.

Number
of "

Deposits'

Size. in

million, -
tonnes ore*

Grade
% Cu

All Porphyry. Copper Deposits 78 222 (246) r -.73
. ! .

.

;.U.S,sand Mexico 39 244 (268) .72'

Canada 15 188 (206) .53

'Amde'S and Pacific 24 216 (238) .93

Pre -194 Porphyry Copper Deposits .l39 450 (495) .84

cornier tontent

tonnes copper
contained*

1..6

1.7 (1:,9)-

1.0 (1.1)

2.0\ (2.2)

3.8 (4.2)

"* Million short tons shown in parentheses-

4
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4

TABLE 4-2-

1. Arrington, Leonard-J. and G.B. Hansefn, 1963, "The Richest Hole on
4 Earth': a -History of the .Bingham Copper Mine: Utah State

.

University, Monograph Series, Vol. Xj, No. 1, October 1963,

103 pp.

2 Xennocott Copper Corporation, Annual Reports for years 1963 through

1970 and March 10, 4971 Registration Statement with Securities
and ExchangeCommission. Production' estimated for,1963 and

1967.

3: Parsons, A.B., 1933, UtahThe Prospect: in The Porphyry Coppers,

1933. On pages 54-55,, the author summarizes the Jackling-
Gemmell evaluation report written at Bingham in September, 1899.

4 Kennecott Copper Corporation, 1916, Report for t
to December 31; 1915: New York, April 7,

5. Boutwell, 1935, Copper deposits at Bingham,
Resources of the World, 16'th International
Congress, Vol. 1, p. 347539;,,see p. 358.

wer'od May 27, 1915
76, p. 11.

ah: in Copper
G logical

6. Keftnecott Copper Corporation,,1971, Stock Prospectus

.1 Securities and Exchange Commission, April' 22, 19

led with

, p. 11.

7. In the report mentioned in (3) above, the' authors indica e the "great.

`extent" of the deposit, thus implying additional reserves

would be found.

8. To these reserves should be added Anaconda's Carr 'Perk reserves which,

geologically, are part of the same ore body and have been

described in Anaconda's 1972 Annual Report as a substantial

tonnag9 of 1-3% copper ore, for which feasibility studies for'

a large. SeTtle, underground mining operation are under way.

9. Average for the 10 prior years.

10, This tonnage of waste from start through 1961;* actually a considerable

amount.of waste rock has been dump-leached for several decades

and has contributed lip to.25% of the recovered copper metal

in recent years.

a
MI5
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TABLE 5 Main .Copper Provinces of the World
Percent Distribution of Copper Metal (after Pelissohnier, 1972)*

4-

Percentage of
Copper in

Copper Provinces (Pelissonnier ,:1972) All Provinces Main Types of Deposits

Andean 28.8 Porphyry coppers
,.' .

North American Cordilleran 22.7 Porphyry coppers

South Central Africa 19.3 Strata-bound, 1"

NorthAmerican Great Lakes 8.2 MasS1Ve suifides,
strata-bound, and
basic rocks

North rn Europe' 8.5, 'Stratabound and
massive sulfides

Ural-Kazakstan 4.1 POrphyry coppers,
. massive sulfides

and strata-bound

Massive sulfides and
porphyry coppers

East Mediterranean 2.2

Huelva, Spain

Philippines

Japan

Eastern Australia.

ti 100.0%

MasSi.ve sulfides

Porphyry coppers

Massive sulfides.

Strata-bound and
massive sulfides

* This represents 98% of copper inventoried in the world by Pelissonn:ier

ti

165'
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TABLE 8

159

Probabletopp'er Re.sourCes, Pacific Ocean Nodule Belt

Latitude range'

Longitude range,

Area, square degrees.

.

km
2

(mi
9

)

7.5 15°N

110 160°W.

375

4.5 x 1,06

(7.50)

(50 °)

(1.73 x 106) ,

Nodules, tonnes /km2 -(tons /mil) median 10
4

(28,500)

Nodules, tonnes (tons) 4.5 x 1010 (4.95 x klo10)

Copper Resources 0 0.75% 338 x 10
6

(372 x 106)

tonnes (tons)-0 1.5%_,

mean Value

675 x 10
6

-432 x 106

(773 x 106)'

(475 x 166)'

.
. . .

World Copper Mine on and Reserves (1000's short tons)

01(From U.S..'-. Commodit Data Summaries, Jan: 1973 and Jan: 1974)

a

Country

United States
Canada
Chile
Peru
Zaire
Zambia
ther Free World
ominuniSt countries
.(except Yugoslavia)

1973 Estimate of Reserves*

197.1 1972 (est.)

1,522 1,665, '1,717

720., 801- 900
791 799 : 800
235:

.
248 240

449 473 510

718 791 800
.'

.1,231 1,437 1,533

999 -'1,100 °1200
. .

Jan. 1973 Jan. 1974

.81,000 83,000
30,000. 33,000
56,000 58,000
22,000 23,000

' 20,000 20,000

27,000 29,000
64,000 82,000,

40,900 , 42;,000.

World total 6,665. 7,314 7,700 340,000 370,000 -...

*. ReSerVes inclUde "Measured",reserves computed with a margin of 4--or of 20%

or less, and-"Indicated" and "Inferred" reserves estimated within a much

larger margin of drror.
o

1.72
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e-, 166

Primary Copper Mine Production
(Distribution according N:metallurgical recovery method)

Pyrometallurgical Recovery
(Smeltrng, Refining)

Concentrates from sulfide
/flotation.

oP

Cement copper obtained by
precipitation of Iron

(Dump leaching
(Heap leaching
(in-place leaching

Hydrometallurgical Recovery
(Solvent Extraction,

'Total U.S. Pr ary Copper
Mine; Production 1000Is
short tons ..

1975
1973' (Pro7

1950 1960 .1970 1971 1972 ('Est.) jeced)

% 92.0 87.0 86.5' 86.4 , 86.3 86:0 84.0

6.0 8.5 9.0 9.0 9.0. 9.0, 10.0
1.0 1.0 1.2 1.2. 1.3 1.5 1.5

1.0 1.0 1.0 1.0 .5

Eleetrowinning)
pump leachi .2 . .3 .3 .3 .5

''TVat'leaching 1.0 2.0 2.0 2.0. 2.6 .2.0 2.2

910 1,082 1,545 1,522' 1,665 ,1,717 1,850
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Figurr 1.°'frequenty distribution, world copper deposits.

figure 2. Cumblative-frequency distribution of world copper deposits

Figure 3. Size and grade characteristics'of main types of copper depo ts.

Figure 4. Size and grade 'characteristics of copper deposits of the th ee

main geologic types.

Figure .
Frequency distribution of tonnage and grade of porphyry Copp r

deposits.

gure Value distribution of copper deposits in two parts of North

American Cordillera,

.

Figure 7. Lotation of eleven copper. provinces.

Figure 8. World resotqces-of copper:.

Figure 9. Copper content of manganese nodules on the deep sea floor.

Figure 10. COpper content of manganese nodules on the deep sea floor

southeast of Hawaii.

.Figure 11. Metal,bontents'at the deep,. ocean mining site in tne,Pacific.

Ocean.

figure )2. U.S. copper consumption; supply-and projeCted primary-Mt-de-

production capacity.

Figure-'1 'U.S.'primary copper supplr witli.projections illustrating possiblT

effect of environmental controls.

Gamparksonof estimated costs-ofrecvering-copper by various

methcds.

Total domestic recoverable copper resources:

Figure 14,

Figure 15

Figure 16.,

Figure 17.

Figure 18.

--Figure 19.

Annual domestic primary copper production capacity

Jhe present and potential annual U.S. primary capabiJities.from

domestic resources based on price of copper.

Porphyry coker deposits in North/Americareserves' as of 1971.

Relief-likemp of the world.
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SECTION III

THE IMPL-- /IONS OF..MINERALYRODUCTION FOR.T
HEALTH AND THE ENVIRONMENT

The Case of Coal
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The f011owlnerepOr is dedicated to

memory of .Hubert E. _Risser-, member of this

Panel and who 'died in September:, 1974.
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CHAPtER VII
IMTRODUCTION TO SECTION pl.

Resourees, estimated to range ,from 1,400 to 2,909 billipn tonnes (1,6.0

to 3,200 billion short tons), make coal'Our nation's most abundant domestic

source of fuel. Most projections of our needs for energy call for an in-'

creased reliance on coal. According to recent estimates, .our annual con-

Ni-sumption by the year 2006:may range from 1.,2td 2.7 "billion tonnes (1.3.to

3 billion tons):, or About two to three times the pre'ent rate of use. " In-

crease's of this magnitude imply large impacts On many features of the phYsi-

'cal environment, on human health, and on other biological species. .Early in

its d berations, this panel selected coal to illustrate gipme.of the numer7

bus robleMs rel'ted to minerals, extraction, processing, use, and

wast disposal.. he fuel crisis of late 1973- ,early 1914, and.thesstrong con7':

sideration now being given to relaxing the Clean Air Act, ostensibly-to en--

courage greater depeAdence on coal, underscore the 'timeliness of this selec-

tion.

Thelconsequences for the,. physical environment of coning and burning coal,

and the costs imputed to these impactS,.haVe been studied intensively and

are matters of public record. (CEQ, 1973;,, Washington Post, 1974.) We have

not attempted to review or judge thistmaterial comprehensively. Instead, we

have focusedmainly"on the implications for Health, both -of the miner.and of

the general publtc. The hazard to the miner is direct and awasoMe., Among

.
all ma,jor occupations, his is probably most sticeptible.to accidents and

'disease,
0

The hazards to the general public arising from.the burning of coal are

' less obvious, and more difficult, to isolate and weigh. But they become even

.more compelling because of the vast numbers of.citizens who are at risk,:and

*because of ramification that air pollution has for rainfall, vegetation, and

segmentsof our food chain. In the annex to this section We%have ald:0 a

brief description of the global-cyclingof sulfur to-show the'CAntribution

Made by ma.41,

*References: CEQ, 1973; Duprie'ind West, 1972; NAS/NAE, 1974b; OcCupati.onal

Health, 19,74a; Ray Dixy Uee,'073; Washisngton,Rost, 1974. (See Bibliography

of References.)

o
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EXTRACTION

The projected increaSes'in 'coal production will require a greater .numbers
of miners. Unless thecauPnt effortsby-government and. industry to improve
.safe't7y and prevention are successful; the problem of mining accidents and
respiratory illness frdm the inhalation of coal-dust, so-calied "blacklungq
or coal, workers' pneumoconiosis (CWP), are likely to be magnified. --Owing to
improvements in technology, the Dumber of fatal,and non-fatal.accidentspey
ton of coal mined.Kas decreased, more notaWy insutface than'in (deep mines.

-Nonetheless, Mining remainslone of thq. most hazardous of occupations: This
fact is implicit in the continuing and substantial efforts. byJhe Federal.

." Government, mining industry, and 'unions:to improvelkhe=sefety redords.- The
mostimportant factor in reducing accidents in the short-term appears to be
task experience: the shorter the experience;. the greater the 'risk of acci7
dent. Theessential elements of prevention are: traihing for new miners
before theyjegin work;'ongoing training especially for thosilkmov.ing to new
tasks;, and strict safety reguiptions that are enforced. In\,the long -run .

technological improvements should lOcethe risks. -

Compensation for CWP now exceeds one billion dollars annually (Octupa
tional Health, 1974a). The amount has risen steadily since the enactment of
tqb'Federal Coal Mine Health and Safety AcSoof 1969. Ariy illness. so. Costly,
-in which the,disability (shortness pf breath)'is not uniquelbst may be mim-

,

icked by other illnesses that are not necessarily related to winihg, A.s bound
Olto cause controversy. We take this opportunity tarecommcnd that a study be-

.7-undextaken to determine the full social and economic costs of.CWP. Such a
study should consider tht problems of etiology, diagnosis, prevalence,. pre-
ventions, clensation, and adjudication.

f

USE.'

S02 is a b,-product`of the .combUstion df fossil fuels. In the atmos-
phere, the gas undergoes a variety of chemical transformations. The types of
transfoirmations 'and the rates at which they occur are subjdoct to many infIu-
_ences: sunlight, relative humidry, other pollutants such as ozone and
oxides, of nitrogeni' trace metals that AFt as atalysts,.'and duSts. Sulfates
and sulfuric acid are formed in these ieactions, and becoMe incorporated in
submicronic* aerosols. .The.disances over which t4.'reactions take place are
probably of the order of.1;000 kilometers (620 mires). Consequently,the air
pollution,arising from sulfur emissions is regional and not siNly Urban or,
confined to the immediate pfoximity of the coal'-fired power -planfs.

The importance of SO2 as.. hazard to public health is probably due to
these chemical end - products no@ to the parenf gas itself., Among the segments

°

*I micron or micrometer/ = Ae-thous bdth of amillimater
' . i I = 39 milli ts of an inch

204
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of thl.' population apparently ino,q volnorabft to this form of 011ution are the

aged, i nd i vidu.al ' al ready ,i11, with ea rd i ac or pu I mona,ry .d i1-;

el
aseN, and' i n rants,

and eh i I dren . - ,) ,

Air polluted with sulfur oxides hag two significant adversc eological

eWects, One is damage to certain plants by gaseous SO). The second results
from the production of acid rain, .The impact of acid rain on forests and
bodies of fresh v.at-er:IS coming under increasing study.

,More inrormation about aero-chetOstry.is required if effective control of
air pollution is to be achieved. Almost eer"tainly, .technology will have to
be directed toward minimizing the' emissions 'or SO). The dispersion of emis-
sionsTrom tall stacks (over 152 Metpr,A, 0/ SOO FL-yet), while reduOng,ground-
level concentrations over Ifehttively Snore distan-ces, is:likely to ensure t
more complete oxidation'of gas in the atm6s0here attic!' a wider distribution of

the end-products,



.k"

CDAPTCR VIII
PROjECTFR DEMANDS, RESOURCES

e

in the years-from 1953 to 1973, the estimated national consumption of
total gross energy surged from 9.5 x 10I8 cal. to 1.9 x 1019 cal. .(37.6
1015 Br'itish Thermal Units (BTU] to 75.6 x'1015 BTU) (Dupree and West, 1972;
U.S.B.M., 1974). Accompanying this,growth.was a major shift in the relative
contributionS of the different sources of energy (Figure 1): The use Of
coal, which constitutes about 95 percent ofthe fog-pil fuel resoUrces,within
the.United:States, rose only 3.7 percent. At. the same time, the use of
petroleum -increased almost 104 percent and the. use of natural gasmore than
185 percent.

,

:

Ovbr recent decades, the use of coal has declined for nearly,al l activi-
ties otherthan the generation of` electrical power. For electrical power
alone, consumption rose from.26X-Aillion 'tonnes (295 million tons) in 1968.
to about 352 million tonne (388 million tons) in 1973, presumably 'because
coal: was the least expensive fuel available. At present, the gondration of
electrical power and manufacture. -.f coke* together account for. about 85 per-
cent of the total tonnage (Table 14. By far the largest fraction -is Utilized
cast of the MississipRi River; in ,1972`, this fraction amounted niabout 94
percent.. Forecasting our demands for Aergydhas become commonplace..' A 7'

representatiye forecast of continued exponential growth'of energy consumption
would give a val*,-,for 1P980 in the neighborhood of 2.4 x 1019 cal. (95.x 1015
BTU) , increasing to 3'.15 to 3,18 x 101 '(125 to. 130 x 1015 BTU) in 1985
and to over 5 x 1019 cal. (200 x f015 BTU)'.in 2000._ It is worthy'of note
that in the last 20 years, such predictions)have tended'to'underestimate
demands.beyond the initial few years. (Committee on Interior apd Ingular
Affairs, 1934.)

Not unexpectedly, estimates.of the quantities of coal that may be needed
to satisfy these projections are themselves subject to' wide variation. They.
are clouded by such uncertainties as (1) how rapidly nuclear power will grow;
(2) how much coal will be used to supplement dwindling supplies of natural
gas and petroleum;.(3) to what ektent thd United States will provide coal

*Consumption has remained relati ely stable for the manufatture of cokefor
several decades.
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abroad; (4) what are to' .
e the domestic and, worldwide rates of economic

growth; (5) thopossibil.ties for conserving power through increased effi-
ciencies of use; and -(6) the ability of the coal industry to increase coal '

production.' Allowing for the ,iincertainty of any projections beyond a few.
years, our discussion will, proceed on ,the following assumptionS"for.the use

of coal: .,

1985: .900 million tonne\(1 billion tons) -(68 percent. 54.14ove 1972
level); cuMulatiye,total from 1973 to 1985:..8.6 billion
tonnes (9.5 billion tons)

2000: 1.8 bill 4,-ion tonnes (billion. tons) (233 percent above-.

1972 level); cumulative total' from 1°985 42000? 20(.4

billion tonnes- (22.5 billion-toks)

Therefore, eumulative,ototal,froM 1973.to 2000: \29- billion tonnes-

(32,biaion tons).

-Coal is found in many regions of the country. The resources as deter-.
mined by exploratioh and mapping are estimated to exceed 1400 billion tonnes

(15-50 billion tons). The varieties of coal and their distribution are shown

in Table 2. approximately half of this amount is estimated. to be -re-

coverable, only one third, or 236 billion tonnes (260 billion tons), is.

within. the reach of current',technology at. current economic costs, Estimates

of the coal reserves in beds. lying close the surface exceed 127 billion

tonnes (140.billid% tons) . About 60. percent .of these surface i0eposits

west of the MissiAsippi River, mostly in Montana, North Dakota, and Wyoming.*

Jj

The thermal value of coal varies-considerably. Bituminous coals provide

the most heat per unit of weigh (about 6,700-8,300 cal/g, or 12,000-1_5000-

BTU/pound) followed by subbitu inOus coals (about 4,400-6,200 cal/g or 8,000-
11,000 BTU/pound).and lignite (3,\900- 4,4O-cal/g, or 7,000-8,000 BTU/pound).
Eastern coals are generally richee \thermally than those of the Rocky Moun-

tains and Northern Great PlainS-. Nonetheless, the western coalS offer
several distinct advantages which uttimatery render them less costly to mine:

for example, they possess thicker seams'(up to'33 meters, or 100 feet) and

thinner overburdens (0-50 meters, or ci\,Jso feet) than the eastern varieties.-
In 1972, the estimated average cost per\ton of coal at the mines was $3.74.

in Wyoming, $2-.03'in Montana for bituminous and lignite coal, and 2.02 in II

North.DakOta for lignite, compared with 4nat onal average of $7.6 . To some/

I I

4114 1\PROPERTIES OF COAL-

*The figureS, relating to coal reserves are taken from U.S. .Geoliogical Survey
Bulletin 11275, Coal ResourceS of,the United States, January. I, 1967. and U:S.

GeolodoalfSurvey Bulletin 1322, Stripping oal Respurces of the United

States, January 1, 19Y , and recent updati g of western coal reserves by

state governments and .S.B.M.
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egree, howevoithe lower price of the western coal also reflected their
1 'wer thermal content. (U.S'.B.M., 1972.)

Western coal has another'advantage over eastern Coal that is of immediate
,relevance to this report: generally, its sulfur content ts lower.* 'Indeed,

an administrative rule (EPA, 40 CP1260.43), reflecting the.increa.sing concern
over air pollution- disqualifies a. major portion of the coal reserves of the . 4

'U:8. from useuntil 'the sulfur can be removed (adequately 'and economically),
^ before or during combustion. Current *EPA standards for new installations
which are.scheduled to apply to,all fuels by 1975, limit the maximum omis-
sion of SO

2
to 2.1(0<g per Aillion Kttal (1 :2 pounds per mir,ilion BTU)Tof.fuel

emprgy. Accordingly; unless the.sulfur is removedor the blending of coal is
widely adopted, a bitumindus'.coal of 6,700 cal/g (12,000 BTU /pound) will be
limited to no more than 0.72 percent sulfur,.whilega lignites of 3,900 cal /g
(7,000 BTU/pound) will be permitted 0.42 percent sulfur. The sulfur cdntent
of most coal being used at. present exceeds thes. e, limits. The tabulation's ,

of the producers oy .67'percent of the total national output of coal in
show that only 8 of the 23 coal producing districts in the Cauhtry3TiOlded:
coal with,an average,sulfur content of'0,7 per ent orless.4* The 8 di-strictS:

accounted for about 11.5 percent of the entir outpirt Even so, Some.of
these low "sulfur. coals, ,because of poor tliftwl contenv, could riot have met

:the 2.16 Kg per million Kcal,(1.2 pounds per ,.Lion BTU), standard without

the further removal of sulfur.

The implications are oby4ous. If projecked increase§:in the use of
coal are realized, i.e., 68 percept by 1985 and 2,33 percent by 2000: we will
need commensurate reductions in the emissian of. SO just tq prevent filrther

r 0 2
deterioration of the atMosOfiere (see Chapter. X: Use: Sulfur Emissions,

Atmospheric Reactions), Two basi strategie would be ayailable w,

'move to increased reliance on limited reServes of low sulfur coal and/or we

institue stricte control of 'emissions. 4either,alternative appears to re-

. ceive adminisera.ive favor at present. The problem might be exacerbated if

re were delays in setting into operation n'ew nuclear power plants # or if

a trend developed toward the conversion'efoil and'',gas-fired power plMnt,Sitot)

coal. Under these.cii.cumstances, the demand for coal could excee present

pojections.'
«-

.. 1

/

SwIler ignificant am ants of low sullfurrbituminouS, A urfate coal are
pr s-nt in the central and eastern parts4a, the U. . The reserves-are

es mat d.,o be between 2. and 2.7 billio tonnes (2.5 a 3: billion tons),

tiOW 'the altailability of the lad far ining is in question!
e .

**Locat d in southern Appalachia, norther and southern Colorado; New Mexico;

Wyomi g, Utah, and some mines in Montana and North Daktita.

W-Nat unlikely in view of the AEC's recent Shutdown'of 21 of a toted of 50
,

nuclear plants to check fhe'cooling systems fort leaks.(Congressionaf Record.
'. '

, .

ly
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.Since midwestern and eastern coals, often cannot meet present emiss n
,, . .

.

standards without additional fuel or flue gas desulfur:ization (FGD), la ge

quantities of Coal from/Wrom.ing and Montana are being.shippedinto the 'd-

'western- markets. The/total combined productioft for the two states, which

was about 14.5 mil on tonnes.("16 'million-tons) in 1972,..is expected to reach

about 32 million/ onnes (35 million tons) by .1974., Other western state's

'having low sulfnr coal are also expected to show acceleratinproductipn.
The trend cquld be stalled or reversed either if the.power plaits were to

.

, add FGVeqdipment or if the technology for the pre-combustion. sul-

fur wer&to become available:'
./ . . I

I . /4
;

AREA OF, LAND NEEDED -.

/> R
One Km" of coal contains about 1.3 million tonnes per meter (One acre

Contains, about 1,..8dOitons perfoot) (thickness) of seam. In underground

mining 50.percent ofthecoal that Win situ can. be extracted, Whil-e
ia.sarface-mining,"this fraction generally ranges from 80 to 135 percent.

.
The area needed to 01-oduce any fixed quantity bf coal is therefore influenced

by,both the type of .mine.and the thickness of the coal bed (Figure a).

Averitt.(U:.S..G.S,, 1970) estimated that the- average thickness of coal re-

dovered by Surface pining in 1970 was 1.5,meters (5-. feet), while the seams;

rangedfrOm under 0..61 meters!to 18.3 meters (2 feet to 60 feet) or more.

If 80 percent of this coal'i's to be extracted,. a million tonscan be mined.
itfrom lesS than 12 acres of a 60 -foot seam, whereas the same. tonnage in a

2-4vot.seam would requirealmost 350 acres. Because the beds of coal are

thicker in the Rocky Mountaing and Northern-Great plains than elsewfiere,.

less acreage is needed in theSe regions to yield-a specified amount of energy,

even after allowances are made for differences in thermal content. .'"It should iN

be emphasized, however, that uncertainty exists over 'how successfully these

areas. c.iri.be. rehabilitated following' surface mining' (CEQ, 1973; NAS/NAE,

1.74a; See.Chapter.X: Use: .Recla ation). Major probleths in rehabilitation.

4, are likely wherever the:overburden is high' in acidity Or salinity; the soil

cover is thin, and its elements, i eluding micro-organisms, are delicately

balanced, \andthis being of funda ental importance--the rainfall is sparse..

It is not possibl to estimatel th re zonable surance thoarea Of.

1 nUthat\Will'be used in Coal mini 7, durtn the re finder of the century.

Currently, approximat ly50 percent,of the onnage is being. minedy Surface
/

methods. t ill be Vecalled that projected cumulative production of'

coal is abb t. 8,.6 billion tonne,' (/ ,5 billion tons) by' 1Q985, and 29 billion'

tonnes (32 Mon ton4 by 200 / If half of these tonnages 4.3 dnd 14.5

billion to ne., or (4.17 and 16'billion tons)' were o be o tained'from sur-

face mines wit seams la eraging 1.6 meters (5 feet in thi kness and with an

extraction:rate of 80-percent, -the areas directly involve would represent

about 2,700 KM2 A 2,250,000 acres) by 2000. Jgaturally, if t e average thick -

ness -bf the seam- ere greater, these reqUirements'wpuld be leduced

for an averages sea 12.3 meters (40 feet) thick, the estim ed acreages
'

would be only 82,50 (334 Km2) by 1985 and 300,000 (1,210, m2) by 2000.

'1'(:1 the extent that r- iance on western (or'pastern) Surfac -mined coal is

\ ,
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\

increased in the future, it is'orital that in.selecting the mining sites we.
be cognizant of a number of factors: the potential for rehabilitating the
land, the-water that is Crallabie, and the social,. aesthetic; and economic
impacts that will be felt in the regions that are directly involVed.

A

MANPOWER NEEDS

.11;

The same projections for use, (i.e., 0.91 billion tonnes, or 1 billion
tons in 1985, 1.8 billion tonnes, or 2 billion tons in 2000) represent in-

:creases of 68 percent and 233 percent abd0e the'amount mined.in:N2. In

, 1972, about 112,000 workers were engaged in unlierround mines, and an addi-
tional34,000 in surface mines. ShourW undergtound mines produce the same
.percentage of coal .in the futOre as they have done -recently. (about 50 per-
cent of the total), 75,000'additipnal, underground workers would be required
by 1985 and 224,000-by 2000 (Figure 3). .These numbers will be subject to'
'lowering as imprvementS in the:efficiency of prodUction\take place: None-

theless, it must be recognized that such proj'ections, if they are to be met,
will require considerable expansionof One of our most hazardous occupations
-(see Chapter IX:- Extraction: AccidentS, CWP).

'CAPITAL INVESTMENT
L

TOsatisfy the projected increaseg6.in production, a large number. of new
mines would'be needed..' The capacity for increasing prOduction in the 'Mines
noW in operation is too small to sustain much. 'growth. To increase produc-_
tion 363 Million tonnes'(490 _million tons) annually.by 1985-woul4 require
about '80 new mines each capable of producing*4.5. million tonnes; (S million
tons) bf coal-per year ("Figure 4). At an. estimatedaverage capitalinvest-

.

'ment4for both sUrface.and underground mines of $15 'persannUal-ton of produc4' '

tion, $8 bi11On of chpial in)iestmant wp,u1' be required. An additional.

$6 billi n in capital fOr 200 n w mines wo ld,be necessary to. achieve the

1r
project d,goal for phe'year 26,0- Capital marketsprobablyacowld provide
theseifunds. Thefelay is that/are likely o occur n obtaining adequate equipt.

-
ment, and :in providing W he supplementary needs of new mining sites, -r/S

make it Most .unlikely tha uch a schedule of groWth could be'met unless
concerns for the environment were circumvented.

-,.

[.
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TABLE 1 Coal Consumption by Sector1:1973

CohsuMer Sector

Electrical Power Generation 349.6

Industrial 145.4

Househ ld and Commercial 12.6'

Tot is

Source: U.S.B.M. 1974

507.6

Percent of

Tonnes (Million Tons ) Consumption

(388.4) 64.8

(1.6) 33.2

,,(14.0) 2.0

(564.io 0) 1000
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YEAR

1947 1952 1957 1962 41967 1972

33,035 36,458 41,706 47,422 58,265 72,091

34.4 42.1 44.5 44.8 .43.5 45.5

13.7 21.3 25.0 '29.8 31.3 32.3'

47.9 32.6 26.8 21.5 21.0 17.2

United States Oil, Natural Gas, and Coal .Consumptidn, 1947-1972
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CHA ?TER IX

EXTRACTION

ACCI ENTS

Mining Accidents ..

..
Coal'minia-in the-United StatNsies..has a rim recor .of fety_which has

improved.inethe.past 25 years principally by.reaSon'o fewe ineks being at.

risk.' Because more Miners will:1) neede&to meet the projec ed increases '

14_coal

productiou,it tstimelyo revi9w the two major hazards'of mining: .

4 ., 0 b.

ccidenti Shd-CO*T W 9 rkrspmemlikac,O.Aliiggts AWP). :.
---r, ,.ia ° . '" -. .- - '''. ne .0 4 Aal.

In 1920, almost all of our coal came from underground,mines: Starting N

in the 1940s, surface mining. began to increase Ape production from unaer-

grotind"mtnes fell off, so.that.by the earlr1970seach method contributed,/

aboUthaff:of the total fFiguie5). $

The total number of coatners employed annually in,thelinite States

began to fall rapidly in the 020s (Figure 6). The decline has conti ued

with periodic fluctuations until about-the present decade. Since then the

number has. remained rel Lively stable (Figure 6). Virtually the entiro

_earlier decline in en poyMent occurred in undergrOund nes.. It ran pa:rail:61

with the fall in coal prodUction in the 1920s ind-19 5-; bt1t. thereafter'con-

tinued independently of production: -Improvement in the methods of both

undergroUndiand,surface mining which appeared in the 1940s allowe&produc-

non to be maintained with fewer
/

miners., %,.//

/- '/

/
/ fatal: AcCidents /

!In theAmst four dadades over 90 percent of the fatal acci*Iitsiin

mining have occurred underground (Figure 7). The decline'i fatal under-

,`greund accidents has essentially mirrored thedecline in,:e pl Woymemthat is,

the'r'e have been :fewer miners at'r"Sk. Thee number of annu 1 deaths among

surfacminers has.remained re stable, averagingkably stablging 28 from 930 to 1973.,e
,,

.o.

:203
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There ware one to -two underground fatalities per million manhours from
1Q30t1971 (Fi ure,4).. Therefore, the rate deekined.progressively. to about
0.5 ..f-talities ,er million manhours in 1973. While the improvement probably',
reflec s implem itation of the Federal. Coal Mine\ea and-Safety Act ofIt
1969, j Ymentsh uld be suspended since the recent st

t
tistics are preliminary '

and incom late. F,om the 1.930s on, the'numbpr.of Patal accidents per million
tons of co 1 (Figur 5) hasfallen progressively owing to iMprovements in

Q,

,

mining-tech iquesi. hese improvements have permitted greater rates'of produc-
at no isk to safety. Nonetheless, both methods of evaluation clearly

.

0.

demonstrate tii superior safety of surface mining.
.

Non-fatal ccide ts
.1

The annual occurrences of !non -fatal mining accidents involving a loss
Of time 'from work are sho.wu in 'Figure 10. The sh,A.pe of the changes in occur-
T werle aMon underground miners and the relatdva constancy of such accidents
amohg'surface miners are reminiscent Of thafindings for fatalities. .The

trends are reasonably similar when the niimbtrsof accidents are related either
to millions of hours worked'(Eigure 11) or tomildions of tons of coal pro-
duced (Figure,12). Again, surface mining is-distinctly safer, jn-the 1970s,
the frequency of both fatal and non-fatal accidents, wn corrected for the
number of 'hours workedior eoal,ptoduced;,. has re.peatUdlylbecn greater in the

. underground pines by a, range of ,twoeto eight tames.

\Prevention -- -
1

Efforts to improve coal mine safety underway. As aresult,of,the
FedeTal Cowl. Mine Health and Safety Act of 1969,and'thaFederal. Metal and
Nonmetallic Mine Safety Act of 1966, the W.S. Bureau of Mines b'egansimple-
mentation in 1970, the Secretary of the Interior breated the Mining -and
Safety Admini$tration MESA) inMay 1973. MESA's'stated goals call for the',
development and'-enforcement4f.strong mjning'safety and health standards,
the development of safety training .for all miners and sUpervisors,,the prOvi7
sion of assistance forthe solution ,of technical problems; and the direCtio
of research. towards the reduction of disease and injuries.

,A study by Theodore Barry and Associates (1972) for the U.S. Bureau of
Mines in :rune 197.2.; clearly Showed tha%experience with p particular-mining
task is a critical factor influencing accidents, i.e., the less experienet.
with the task, the greater th'risk of injury. Limited efforts are underway
to apply this infOrmat'ion. WestVirginia, in cooperation Wi-6 MESA, now' :

provides forty hours of pre-entry training for netcoal miners. These pro-
grams, even in the absence of any, final/judgmedt of their efficacy, ought to -%

.be `encouraged, to 'become mor widSprfrd.

Recompiendation

o implement rapidly both pre'L'entry.and ongoing training,
?ams in specific mining tasks.

2 2 G.
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COAL WORKERS,' PNEUMOCONIOSIS -C-CWPY

The 1969' U.S, Coal Mine Health.And Safety,. Act established dust standards

for 'coal mines that.were designed to reduce the risk of developing coal

-workers! pneumoponiosiS (CWP), and provided compensation to miners adjudged

to'have the disease. The 1972. "Black Lung),a0-7-fiTithe-criteria for

diagnosis. TraditiOnally, epidemiplogic studies'of CWP have reliedon chest

X-ray changes as the prindipalimeans of identifying CWP. The 1972 " lack

Lung --Law" specifies 1-,ray findings are no-- longer necessary for coal

minerto_qualify-for poMp nsation 4f he has worked 15 years undergr d and

.;has impai ed respiratory apacity. The law has had the effect of esta lishing

a, new defin'tion of CWP.

In 1973, the Federal Government paid 4proximately $1 billion for CW,,,

in benefits to coal miners and their dependentSwhO-qualified under the 196

and 1972 Acts. The annual expenditure may rise to $8 billion. by. 1980l(Edwar s,

.1973).

,
.

CWP is ,defined as a disorder of .the respirat6ry system occurring in per-

sons exposed to -coal:mine dust and presumably attributable to its inhalation.

It represents a slowly developing rOsponsp of the fiss4e to prolonged reten-

tion of deal-m'ne dust,- and is typified = by earring.(fibrbsisLrand-deformation.
Neither the strictural damage nor the climic ,l: symptoms are unique. Pul= "i'

monary diseases\such as emphysema and chronic btonch4N 'share- cliniCal and

funct onal ut not radiographic .features-with CMP.'. A cofibination of dis- .

\ .

.

.eases arisin rpm different causative agents-; `nay coexist in the lung. 'If' ..... ,

is this,potential-40i Overlap, interae-tio .and_Midiagnosis that is respon-7

Bible for much of-the-controversy about-CWP.
\ .-.. . .

The ,eedica1.dian sis of. CWR rests on; (1) an apyropri ,fe.:Ilistoryaf

/
exposure to coal in& IrSt{on-Lth.order Often years r more)-and(2) the

-.1
,

presenc-ot fairly istinctivegbnormaliqp-s_in-A ehes-trOentgenogram. The
., -N \ -------

World HealihOrganiz tion and -the International Labor Organization stat

that a diagno is,of C cannot be made. without the characteristic-radio-

graphic featureS It' ioould be noted that. the interpretation of -the chest

:film is not completely ective.'-'Differencesin interpretation occdramOn

r. examiners and-further of is to standardize the precedgre are in order

IDePite this shortcoming, -t'e roentgenogram affords.the only epidemiolog

method -for assessing dust retention in miners'. ungS (Morgan, '1974; See

Appendix. of Source Material). i ,-t

Diagnosis
/ .
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CWP. is did into. simple (uncomplic led). and complicated :f ms or.
'stageS. The compliated form is referred to as -Progressive Massive ibrosis
(PMF). A classification of CWP-11.ich is based on the roeritgenograp is 11
ings is shown'in Table 1. Simp e-OWP is lessdisabling and unlike PMF does
.not progress in the abseNerof further exposure.::- Indeed, PMF may develop/
after the subject has left mining.: Fortunately,in .about half of the,Cases,
PMF-lindergdes spontaneous arrest without -furtherdeterioration. Unfortu-
nately, little- is known about the'factors that predispose to PMF.

'

.

v . . .

.
.

CWP is essentially confined to underground coal. miners. Key,: ,

(1971) in a. survey of over 400 surface mines, found.a m an airborne d6t
level of less than 1 milligram' per cubic meter.- Fourteen percent of the "

Samples from auger_mines and seven percent of-the samples frOM surface mines'
contained -more thAn2 milligrams per cubic meter.* ',The findings.suggest that
there. ma-y be a risk of getting res piratory-disease in some surface operations.

'0 Q

Prevalence, e suability .

prevalence of CWP as d- mined in three sta
;

hat-r lied- on the
-

ches
X ray. as th& prime.cri-etion for iden0' ng an ca. egotiz g CWP is.

/K shown ii able 2. AdisCussion,of the ass ptions, sampl ng proc ures, and
difficv ies of correlating the r ults of the .studies is foUnd-'in he Ap-
pendix (Costello and Morga ) 197 .

How debilitatin the exposure to coal mine dust alOne.may loe'Ygmain an.
open question. In t 0 separate surveys (Enterline, 1907; Higgins et al.,
J968), the ventilate y capacity of underground m s mA--sfe nd comp table to
that of suitable. control groUps:4* In discussing th s piobl Morgan (197
1*writfen that "in some regions-of the United State -coal miners-de havean
exessof re piratory, symptoms and alsovbAve a'reducedyentilatOry capacity.

.\The reductionof ventilatory` capacity that can be a4ributed to occupatiOn is
in general minor, and pto ably has little effect eAheton'working capacity

,or the health of the Mine unless he is al-So a cigarette Smoker
.

Prevention .

The Federal ,Coal Mine Health and Safety Actof 4969:
40

in recognition of
. . the technical difficulties' of reducing-the level of airborne dust,in mines,

designated a standard that was considered to represent no more ihan,a.tea
sonable degree of risk to underground coal miners. It was intended to reduce
the rates at'Which new cases of CWP developed and old.casesprogxessed.

.

, .,

.Seme

*By---comparison ,. the fedetal.- ambient air quality standard for total :SU pended
'particulates is 75 micrograms per cubic meter (Buechley et al.; 1973)

-
*.*Manual laborers' wile-were matched forage and socio - economic` background
and liVed.in the same region.

o
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'Specifically, an.initialrespirable dust standard miltigramS'percubiC

meter of air was established tod'become effective after une 30, 19701 to be'

follOwed- - 96 9 O milligrams per cubic m ereof air after

V'December 30,-1972. These,stan rdHwev basedon a repert the\ National--

cop' Board (UK) in which data we develaoped 'which permit esti ates of the

probability of,dev4elopingCWP following exposure to different levels 9f dust-

fOr155.years (Fires 13 and 14 lilt thp probabilities for developing.cate-

goties 1 nd 2 of simple CWP)-

Following passage of the 1969 law:Oe'coai mining-industry succes`sf

d respirable dusI. improve&techniques of ven

and waterspraying. /

,

. .

i, \While improvement in the reported. dust levels has been significant,

t remains td be proYn that current dust-Control technology will "permit

each miner the opp tunity to wOrk,underground his entire working life with -

7'out inCuTring an disability f/romPneumoc,Oniosis." (Interior; 1972.)

Cost

,
i . k

i

Th principal -me* ofcompensatingaminer isab ed by CWPlies.in the
-provisions of tha-,Fedelai. Coal Mine Heal:e anc afOly Act of 1969 andthe'

Black .J.u-ng Benefits Ac of 1972. Prior to th s Acts, CO
,

ensafion wa!s/

lar' ly determined and administered through to e laws. With- -the new federal

gi.slation; the Social Security Administi-at on assumed this releM rle

recently:this'responsiWity,wastra sferred the Department of La °

, ---
.

4

N The- Black Lung Benefits.\Act of 1972 waspasS'edCby Congress to correct

inequiti,es;perceived in the earlier law, principally that relating to the ,

coal miner who suffered some :lisability-%'presumably,owingto the coal mine 0

=dust, but -who hadia normal roentgenogram. Under the second Act, no miner

- could be refused4oMpefts-affon.solely on.the ba'sis of the normal roentgenogram

Any respiratory disability ina coal miner who had worked undergrout4-a-Mihi-

mall of 15 years wa.sAssumed'to be job- related unless contrary evidence could

jbe,feund: This assumption is subject to-revision or rebuttal'by an-administra-

tive judge if there is evidence that the- miner does not/have CW13.--Or that

'his--:--tespiratory impairment is not caused b'y employment in coal mines-.-

N(Costelld,. 1974)
.

.
k 1

The cost to tbe Social Security Admnistrati, of compensating CWP be-

ginning in f-iscali970=andexteding through fiscal 1973 is. summarizedfin

Table 3., In four years then qtal, annual2costs of the progra have risen

almost seventt-fold. The Caiitild.tive cost during this periOd has been $1,7

billion. 1ri-1973, approximately 99,5 percent of the,exPenditures for GWP

were for benefits to Illiners and their:dependents. Of the remainder, 4,00t

$2.5 million was allotted for research -on CWP, and $2.6 million foie

:Samp ipg of coal du-St. , ,,
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,In additionrfo this federal'prograM, most of -Major c al_pipi states.
- ,

'4,, compensate disability related,tb Coal -mining eit under,workmen1S- c en-.

_._ sation laws or under Separate diSability amen ent .to'workmen's.compen ation.
7Tit-theory, any. payments made directly by t e states are deducted from the

awards for' compensation from the Federal .Go rnment.. These deduAions are
called "off-Set." Inpractice however, there are-delay in reporting .thest- .

sta _,.pa ents, so the total amount of offset may beles:S'-thanthe Amount
mo ePBei ent by the sta 's on.compensation for CIT.' .According to the-7 -,
ocial Seturity Administrat'on," the offset'for'-SepIember 1973, (latest month

that data are available, 's at a monthly rate of1.637,000, or $?:6141114lion
,.

per year. gg

,-.

Fy

o ilk,
T e BlaCk Lung Be efits Act'-has'beCome an expensive means ,f\or compen-

sat40 a relat4velrs all segment of the Amsritan working yopulati'Op: It is
(1,iff' ult to estimat what part of the appr6Ximately Ono billion dollars in
compensation for CWP is paid to miners who area disabledA4chionic Nigichitig'
and emphyseia, the. ca ses:of which are not necessarily related' to co.4 mining: :

import Os dust inh lati in impairing 'pulmbnary\fun tion in miners: --- ;.___
The a-seriion has bee ma that cigarette smoking is a leapt five times as'

(Kbels i8 et al., 197)-:. -herd 'is evidence allandiLteth#t, inhe absence
of ComplTEdted pnenmoconisisi , coal dust doers Produce suffiCient venti-
latory impairment to caused"` ability (Motsan et 41::1974).ajbeltlack Lung-
Benefits",Act h0 been accuse of establishing aHpensionproRfam for coal
,miners 'thout regard tO:whe helgthe miner is disabled, and, if so, without
regard to0'012er the disab'lity is the consequence of.eCcUpational exposure
(Qccuagyonal Health, 1974b). Such critical attitudes should be tempered

. by the r alization that coa mining ,is an extremely }laza us occupatPo in.,4
thQqp 5 , society has acted almvt a. if the miners were an 'exptda le re-.
sour e.' gaberShaw' 1970 A rreperjkilicybuilt on scien,tifib and
considerations can. b a dif icult,And elusive goal. -

0'.
,,. ,:

,,,,

.17

-,IRecomdendatIon

To/initiate a study of t6, social costs of CWP to E

includes consideration of: (a) problems associated with t e
diagnosis of the disease, particularly in its incipient s ,g e;

(b) improvement of preventiue measures; (c) distribution, f
the costs of the compensation p ogram; m<d) adminis46.flion of
the program;,

*Social. Security Adminisirdlidn;-Battl
v'.1t .

66
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ILO U/C 1971 pternational.COssification\a. Radiographs of the
Pneumoconiosis

Featute Code Definition

Small Opacities

Rounded:

Type

Profusion

Extent

The ho les are classified according to the
appro imate diameter of the predomi.nant
opacities. '-

p q(m) r(n) p = rounded opacities up to about 1.5 mm
in diameter.

q(m) = rounded opacities exceeding about 1.5
mm 4hCup:to about 3-mm in-diameter.

`r,(n)= rounded opacities. exceeding about 3' mm,
and up to about 10 'mm in diameter.

The ategoiy.of profusion!is based on assess
pent S. the concentration (profusion) of op4c.-
ities i the affected'zenes. The Standard-.'

Radiograp s define the Midcategolyies,(1/1,
2/2, 3/3).

9/7 0/0 0/1 Caejgory 0 = 11%11 rounded opacities absent'
or less profuse than.,,in Chtegory
1.

1/0 1/1 1/2Categ6ry 1 = small .rounded opacities defin-
itely present, but few in:number.-
The normal lung markings are
usually visible.

2/1.2//2 Category 2 small rounded opacities nuMer-
ous. The normal lung markings
are, usually still visible.

3/0/3 3 4' Category,3 = small rounded opacities very
numerous. The normal lung mark-
ings are partly or totally ob-

/ scured.. !.

RU RH tLie zones in which the opacities are' seen are
LU.,LM . LL '1.,corded. Each lung is divided into three_

..sines -- upper,' middle, and loer.
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TABLY. 1 Continued,

§11211JAPSiti"

Irregul_ary'

Type
c

As the opacities. are irregular,.-the dimen-
sions used for rounded opacities-cannot be
used, but they can beroughly divided into
three types.

t u s = -fine trregulary or linear.opacities.4
4

t = medium irregular opacities.
.

u = coarse (blotchy) irregular opacities.,

-7'

Profusion- The category of profusion is based on assess-
ment of the concentration (profusion) of
'opacities in tW affected zones. Tnp ant-
alird Radiographs define the midcategories \
,(1/l, 2/2, 3/3).

0/- 0/0. 0/1 Category ,0 F small irregular opacities absent
Or less profuse than in Category
1

1/0. 111 `1./2 Category 1 = small irrogular.opacities d4fin-
Itely present, but few in number.
The normal lung parkings are
usually visible.

2/1 2/2 2/3 Category 2 = small4irregular opacities numer7
ous. The normal lung markings
are usually partly, obscured.

,

3/2 3/3 3/4 Category 3 = small irregular opacities very
numerous: The normal lung mark-
ings are usually totally ob-
scured..

Extent RU RM RL The zones in which the opacities are seen are
LU LM LL 'recorded. Each.lung j.s divided into three

zone,s--upper, middle, and lower--as:for
rounded opacities.

Combined profu- .

sion:- 1/0 1/1 1/2 When both rounded and irregular small opaci-
24-212 2/3 ties are preent, record the profusion of
3/2'3/3- 3/4 each separately and then record the combined

profusion aSthough all the small opacities
were ofone:type, either rounded or
irregular. This is an optional feature of -

the Classification, but it is strongly.
recommended? .
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I Continued.

levge Opatities

Size

10,

Type

.Preural Thickening

Costo"Ohrenic

angle R

-219,

B ° C Category A = an opacity wi t' neatest diameter
between 1 cm and 5 cril, or seveilil

such opacities, the sum of whose
greateSt diameters does *t
exceed 5 cm.

.Category B = one or-more opacities
more numerous than in
A whose combined area
exceed the equivalent
right upper zone.

Category. C ='one or more opaCities whose com-
bined area exceeds the equkalent
of theright upper zone.

id In additipn \to the letter A, B, or C, the
abbrevi:atbion "wd" or "id' should be used to '

indicate whether the opacities, are well`

defined or. ill.dpfined.

larger or
Category
does not
of the

L Obliteration.-of 'the costophrenic angle is

I -recorded separately from thickening. over othef

sites.: A lower limit Standard Radiograph is

provided.

Chest Wail.
and Diaphragm

Site R

4dth a' -b c Grade a up to about,5 mm thick at the widest

part of any pleural shadow.

Grade b = oVer about 5 mm andup to ab9ui 10
mm thick at the widest par of any

pleural shadow, '.

trade c = over about 10 mm, at the.k.idest part
of any pleural shadow.
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TAW: 1 Continued.

C;heC' 4x11.
and Dia2hrgm

Extent

I

Va,

111-Defined.
Diaphragm

0 1 2

Cardiac. put-
line (Syaggi-
!less)

V

Pleural Calcifica-
tion

Site

Extent

2 Grade 0 = not present or less than Grade 1.

Grade 1 = definite pleural thickening in one
or more places, such that the total
length does not exceed one half of
the projection of one lateral wall.
The Standard Radiograph defines the
lower limit of trade 1.

Grade 2 pleural thickening greater than
Grade 1.

L nit lowei limit is,one- third of the affetted
lemidia*phtagm. A lower limit Standard
graph is provided.

3 Grade 0 = absent or up to one -third of. the
length of the left cardiac border
or equivalent.

Grade 1 = above oneNthird and up to two-
thirds!of the -length of the left
cardiac. border or equivalent.

Grade 2 = above two-thirds and up to the
whole legnth of the left ,cardiac
border or equivalent.

Grade 3 = more than the whole 16gth'of the
left RZdiac border or equivalent.

Wall 'Diaphragm Other
R L

1 2 3 Grade 0 = no pleural calcification.

Grade 1 = one or more areas of pleural calci.2
fication the sum of whose greatest
diameter does not exceed about 2 cm.

Grade ,2 = one or more areas of.pleutal calci-
fication the sum of whose greatest
diamOters exceeds ,about 2 cm but
not about 10 cm.
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TABU: 1 Continued

Pleural Galcifica-
tion

lixtent -Grade 3 = one ot more areas of pleural calclp
/" fteation the sum of whose greatest

diameters exceeds about 10 cm.

Additional ymbols ax cp es pq ax coalescence ,of small rounded.pneumoconio-

bu'kv hi px -tic opacities
ca .di ho rl

bu 2 6ullae
en of k tba
co em od tbu ca =dcancer\of lung or.pleura

o.

V

cn = calcification in small'pneumoconiotic
opacities

co = abnormality of cardiac Size or shape

op -= cor pulmonale,

cv = cavity

di = marked distortion of iptrathoracic
organs

of = effusion

em = marked emphysema

.= eggshell calcification of hilar'or medi-

astirial lymph nodes

hi enlargement oflilar or mediastinal
lymph nodes

ho = iioneycomb lung

= septal. (Kerley) lines

od = other significant disease, :This in-
cludeS"disease not relateckt6 dust
exposure, e.g., surgical or traumatic
damage to chest walls, bronchiectasis,-.

pq = pleural plaque (uncalcified)

px = pneumothorax

rl = rheumatoid pneumoconiosis-(CaplaWs
syndroMe)-

tba = tuberculosis, probably active

tbu = tuberculosis, activity uncertain

Source: Jacobsen and Lai.nhart (1972)
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TABLE 3 Cost of Federal. Compensation for CWP .

1970 1971 1972 1973

AdMinistrative 3,984,000 22,05.4%1000 21,750:000 321024,000

Benefit Payments. 10,000,000 320,000,000 408,000,000 926,004e000

13,984,000 342,045,000 429,750,000 958,024,000

Total cost = 81,743,803,000

Source: Interior (1972)

MEAN TOTAL RESPIRABLE DUST CONCENTRATION (mg/r63)

SOURCE: The U.K. National Coal Board's Pneumoconiosis Field Research.

r-
FIGURE ,13: Probability of Contracting Pneumoconiosis I L 0 Category '1'

orGreater,After,35 Years.Exposure td-.Cdal Dust
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ACID MINE DRAINAGE, RECOWATION

Debate Over legislation to control
.

or ))uffer the damage to the environ-

ment has engendered a number. Of documents on'the-pnoblems of acid mine

drainage and reclamation.

.

Acid Mine Drainage.

The extential and- potential impact of acid mine drainage associated
with both lindergrouna'andsurface mining, and the attendant Oroblems'of
erosion, sedimentation, and subsidence have been studied in detail (Hill,'
1968; Interior, 1969). An appraisal by the Appalachian Regional' Commission
(1969) drew the'conclusion that ". . . about 10,500 miles'of streams in eight

states of the Appalachian Region= are affected by mine dfaLnage . . (and) of

the total stream mileage affected, acid drainage continually pollutes nearly

5,700 piles." The Commission estimated that acid mine drainage.isrespon-
.sible for $3.5 million in. added-costs to users of water. The probleM is
stubbornly-resistant to solution and there is likely-to be a *continuing .need

to, control drainage at the mining site, to treat effluents; and to control

water sources of-potentially high activity. Unfortunately, a large percentage

of the drainage originates in inactive mining sources which are difficult and

costly to treat. The U.S. Bur au of Mines. and E.PA are toth currently under-
taking procedures and research directed toward control-of this problem. As

the Appalachian Commission.(19- 9, p. 126) indicates, progress in achieving
improved waterquality is likely to be slow and will require better defini-

tion of priorities. -Coal is_Widely distributed and its attendant environ-
mental problems maybe. expected to vary frop one region to the next. Acid.o'mine drainage challenges in Appalacbia, the Midwest, and

the Rocky Mountains. We join/others in acknowledging the importance, and
often the stubbornesS, of the problems of acid mine drainage. -We believe
the problems of human health that are linked to"the mining and use of coal,

are of more immediate contern.

Reclamation

In its report. to the Senate Interior and Insular Affairs 06mittee, .the

Council on Environmental QUality (1973) describes prospects for rehabilita-

tion of surface mined landS in the eastern United States, which include al=

ternative mining' technologies appropriate to topographic and geologic dif-

ferences. This and similar reports indicate that the costs of reclamation.
in the Appalachian -region/ range from about 15 to 90 cents per ton depegding.

on the production of coal per acre and a number of physicalconditions at

the mining site. By comparison, the costs of producing the coal are about

$4 or $5 per ton (CEQ, 1/973).

2
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A committee\pf the National Academy, of Seiles--National Academy of
v- \

Engineering (1974d) Concluded recently. that the rate an4-ultimate success tif
. rehabilitation of surface. mified areas in the western ,United States will de-
pend,printipally upon 'the motsturexegime of the region%:. In arid regions
revegetatioh, if attainable.at all,'may require deCadestil% very much lOnger;,
in wetter areas revegetation'ma-y be possible within a few years. The cost
of reclamation will depend pnAlae fhi4ness of the_cOalse m relative_t:o the
thickness of the .overburden.\'Sdch posts are estimated to ange.from'roughly,

:$900 to $3,000 per 'acre, or 4., to Of per ton,- compared o the production
costs which are about $1.25 to $2.50 'per. ton (NAS/NAE, 74 ). These:costs,
as with the-costs associated with acid mine drainage. an wa te accumulations
from coal' mining, cleaning and pr cesaing operations, re n ither trivial '.''

nor forbidding.. .The:Panel is aware of these costs; a in th- case, of. acid.-

mine drainage, the human health effects appear to be ore im ortant.

2



.CHAPTER X
usE

Scientific evidence ppirits increasingly to the importance of'S02 and its

oxidized products as a factor adversely affecting the quality of air, 'human

health,-and elements'-within the, ecosystem. An important byproduct of the

combustion of fossil fuels, SO2Undergoes a Variety of chemical reactions in

the atmosphere, the types and rates of.Which are not well known. LiMited'

J research is.in process to understand the variety of transformations of sulfur

in the atmosPhere,.and an impressive body offeVidence indicates that huMan

health is impaired as levels of SO2, total suspended particles, and sulfates

rise. Considerably more cientific research is required before specific

recommendations can be made about the upper level of SO2 emission control

needed, and before new standards can be set.

At present we can,attonly_upon the trends shownbby the relsults-of.

research-andthe belief that essential scientific proof may be, forthcoMing

in, the not too distant future. Nevertheless, in the interim, important

;:decisions about control and'capitAl investment may be'made which could exac-

erbate the sulf4r probleMS for human health and the environment; and result

in costly, perhaps irreversible commitments. One set of such decisions we

have identified is the prOposed use of tall stackS and intermittent control

systems; In view of the. evidence implicating sulfur, great caution in adbp-

.ting control strategies is'needed; relaxation in air quality standards is

not warrante&-from the evidence at hand.

The following four sections elaborate upon-these problem.

S0LFUR.EMISSION§, ATMOSPHERIC REACTIONS-.

Globally man generates about one-third of the total gaseous. sulfur

present in the atmosphere Because he occupies only a small fraction of the

earth's surface, amounting to about 5 percent, his contribution is dominant

in populous regions. Estimates of the coMbine8 outputs of sulfur from the

generation of 4-mwer, and from industrial and domestic.activftres, suggest

that coal is chiefly responsible for the emission of this 'sulfur.

227,
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'Regional Distribution

oa.

Our knowledge of the physica-chemical pitSses that ensue once SO; is
emitted into,the atmosphere4s,incomplete. .S02 reacts to produce a number of
substances as it moves downWind from .the source of omission. Evidenceindi-
cates that submicronic particles, in-any of which react as acids,' are formed
as the SO

2
is oxidized (Junge & Scheich, 1969; .Lodge &. Frank, 1D66), but

explicit-proof of the-mechanisms and reaction rates is-Still lacking. In
labOratory studies designed to simulate the natural environment it has been
possible to demonstrate the conversion of SO2 to'H2SO4. Recent. sampling data .

from St. Louis and:its environs' (Charlson:et al.,,1974) and from Scandinavia
(Bolin, 1971).support the. hypothesis that a.similar transformation occurs
in the atmosphere. Experiments designed to test unequivocally'thiS hypothesis
are now underway.

ti

Sulfur-2containing aerosols, are widespread geographically. They now
'tend over onethird to one-half of the continental Unite States., affecting
principally the Oast and Midwest (Figure 15a, 15b), The'area involved differs
completely from any jutisdictional' settings organized to control air pollu-
tion.

it, wOUld'be,erroneous to consider coal-burning:for. tpe2geberation of
power as being principally an urban activity; Urban sites, because'they are
plainly visible, are rikely to fix our attention. Examples may-be.cited of
the power plants along4thd Ea,st Riv r in New York, and of those bordering.
Chicago, butsuch.plants represent a small fraction of the total. Instead,
coal-burning is distributed widely ov r the country (Figure 16).-.The bulk
of our power,4S generatedanrural are s and is then transmitted through
aeat electrical networks to metropolit n centers. Typically the spacing
between these sources of SO2 has an orde of magnitude of about one hundred
kilometers. The distance for the removal_ef,S02 from the atmosphere, or for,
its chemical conversion to higher oxidati,yd,states, is on.the order of about
one thousand kilometers. As noted earlier, virtually all of the eastern

r) third of the U.S. is now exposed tothese emissions and to their end-products
(Figure 1,7; see' also Figure:19 under Acad Rain)

. I

Chemistry
o.

Because of the evidence to suggest that SO-2 is converted in part to
acid sulfa'tes, and the additional evidence that such aerosols are hazardous
to health (see 'Public Health), it may be necessary to achievesand maintain
strict control of SO,if the concentrations of these aerosols are to be kep..t,

within acceptably safe level'S' How much control will be needed to achieVre-4
particular level of sulfates is unknown. Thereason is.that we do not under-
stand.the quantitative relation between.the amount of gaseous SO2 emitted
ancLthe amount of particles produced ,Our emphasis is an submicronic par-

' tacieswhich are formed in the atmosphere, and not on particles produced by
mechanical or abrasive events (Figure 18)x,

214
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The relation between SO,, emissions and aerosol formation car

assumed to be a simple lineat one This point is 'illustrated in t e fol7

lowing calculations: Fpr SO2, 1 part per million by volumeOpm) s roughly

equivalent to 2,500 micrograms pet_Cubic.teter. Were thistamount oXidizp

cotpletely to.antonium sulfate [(NH4)2''S041 Which has roughly twia the

molecUlar:Weight of S02, abobt,5,000 microgram$ per cubic meter of'the salt

would be produced. Therefore, even a fraction of a ppt-of SO2 is p tentially

a large s urceof aerosol. The results of a recent study (Al, shUler 1973).

suggest hat nationally the atmospheric ratio of S02t6sulfatais bout 5

moleCu s to 1 molecUle,(5/1). A number of factors may change this ratio

from pe community to another. In Los.Angeles, the ratio isabout /1:Or

eve 1/1, an indication of thp relatively large amount of SO2 that s oxidized

to sulfate (Altshulet, 1973): the ratio is potentially important since it

has implicatiOns for the strategy of controlling sulfate pollution-and there-

by protecting,,the public health.*:

v' Atmospheric aerosols,are principally producedin three ways: (1) by

mechanical events including natural phenOmena (wind, ocean spray) plus. A

miscellany of huMan activities (plowing, grinding, and the action of wheels

pn_gravel); (2)0by direct",emission of particles during the combustion of

fuels--an example is'fly ash; by -condensation
as

the dtmospherethe
chemical,ttansformati.ons of pollutant gases such as SO2 and nitrogen oxides

contribute to this form ofaerOsol. It is difficUlf to-generalize about the

fractibn of-airborne particles that arise from each source. Recent evidence

suggests that in altamunity like Los Angeles, 75/Pei-Cent or more of the

suspended particles on a hazy windless day are generated in the atmosphere

from gaseous reactions (Whitby et al..; 1972).

.

,4,;,.

. ,

In:general, atmospheric aerosols that are ell aged andare removed from

their sources can be divided into two basic grotZ; s according to size; those
divided

and those smaller than 1-2 micrometers in iameter (Figure 18). The

larger particles aPe genetated principally by th aforementioned mechanical

events-. Typically, they contain silicates or of er metallic oxides. They

have a mass or volume mode that is on the order f about 10 to 20 micrometers

in diameter and may.reach a size of 100 micromete s. The second groUp of

smaller particles, virtually all bf.which are sub icronic, are different-in
*

*S02 is not ordinarily considered to by a siAnificant pollutant in Los

Angeles, where several decades ago the sources for this gas were subjected

to strict cOntrol.- As a result, the use of high sulfUr fuels was, until

most recently, sharply limited. Because. of the current shortage of fuels,',

consideration is being given to relaxing this control. While Los Angeles.

does not have levels of gaseous SO2 apptoaching those .of the industrial

centers of the. east and midwest,Ydn part because of.its strong oxidizing

environment, its levels of sulfate are among the highest regional levels

found in the United States concentrations of 10-20 micrograms per cubic

meter are not infrequent (Altshiller:, .1973).

245



. kt..{? -many portant resfpects The.great.,majOtity.f:sobmicronic,,particles is
produ dAirYceildensation: If the condensation occurs at high teMpetatures;
asimt region.bf'tbe coarburning flaffie, tiheaerosol.Will be rich in
,trace metals and metallic oXides:, If the;condensation.occurs at.a.distance
prom the =source, oxidation SO2 and oxides .of nifrogen;:the
aerosol will contain sulfate and:nitrates., It would be impTactiCal, there-
fore, to atteMp41-70o-red O0Ce.atmospheribsulfaterosols by ccontr011ing-the
emissionof particles from combuStivesources, for.onlY small:, fiaCtion of-7
the significant4bmicronic species have'bedn formed:at_thi'staie. Cutrent
Strategies for.controlling:airborne,partiOres tacitly'assuMe-that theoonl.
centratiOn of thepartiCles,in the atmospheir,calibe controlled by. trapping
those that are gmitteddt:theirimary sour6e§. jhis-ignore'§ thelarge.for-
mation of.partIcIes that(takes place,inAhe atMoSphere, by CondenSation. Some,

. other.means,,more ]likely
related.to:ti

he'capture?f S02.,,,is indicated: , 6
e . . , .

Limitations of Air Sampling Datalt

At present; the bulk of infOrmatiokOn 'airborne partici has been
obtained with high volume samplers., THeldataare expressed ini nilligrams
per cubic meter. Unfortunately; the samples collosted by this \means are
dOminated by partiCles,Several micrometerss in diameterot latg&T., (Most of
the total weight of the'sampIe may be contained ikrelatively!Ow large par-
ticles.). When particles above sevleralmicrometers in diametevarg-inhaled,
'they deposit principally id the upPerairwayS (nose,.Mouth, ph rynx);(or,

. .

in the trachea and large bronchi, (Bates ei'ar.,,I966).° Clearan e ofAhese.
particles is usually aCcompliShed efficiently and rapidly; redu ing their...,
hazard to healfh. Thg i:ibilq.cronAparticlesare more likely to, eposit7in.-
the small peripheeala ways .(brenCbi\ole§) and parenchyma (alveoli) of the
lungs'yhere clearance is slower and g'ss pertain and where theeffects or.
rritation or ipjury

, . .

as e geat g\ ficanCe. ,.o

ConventionalConventional practic is to meas the "§Wfate"cenceitttlatiOn, Onthe
f lter-coliected sample without teterM inggitsospecific molecular form.*
This chemically unqoalified.designatio is of dobioUs value,:fOrthe bio4o4ic
of ects ofthe-aerosol should depend no only on its size (and solubility), .

but on its dolecujar-compositiOn. It would be bf considerable,valueto know
what typeS of. sulfate are present, \for t'e.pu'rposeoof improving the evidence

.

used t&,relate air pollution to illness, as well.as for setting more cogent
air quality standards and establishing more,preci,se,methods of controolling ,

pollution.' To illustrate, calcium sulfate .(gypsum)-or Magnegium.sulfate
'(Epsom salt), present ln the sea spray iron the ocean,,,can be expected to
be quit,1 different in toxicity from (NH4)2504 or H2SO4, yet 'all of these

(
.

*Other diffiOlties are inherent -in this method. The valuegfor sulfate
determined pn the_.filtet7sample are not necessarily identical with those
present in-the air, that is, chemical 'reactiOnS' may proceed afterythe
sample haSeen collected. t
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compounds appear the:Zypical aerometricanalysis as "sulfate."
k.

Other Emissions \A

kr!

)In addition to the oxides of sulfur'a partiaTistof the substances

) wn'to be emitte4 ip the-combustion of coalAnciudes:'

, (1) Gases: Carbon dioxi e. (CO2) , carbon monoxide .(C0), nitric oxide

' -(NO), and water vapor;
.4

(2) Particles condensed rom gases near the combustion zone: Carbon

and-high molecular weight hydr carbons, H2SO4; lead,* beryllium,* cadmium,*

arsenic (possibly as As406), s fenium,* antimony,* mercury,* and vanadium;*

'(3),AParticles that are, mechanically generated; Fly ash from grate;,

-carbon- as soot.

The ambient levels of CO2 have been rising at a number:of widely sepa-

rated locales. From 1959 to 1969, CO2 j.ncreased by 6 to:8'ppm at Mauna. Loa,

Hawaii, a changecorresponding to about 2 percent. of the presumed preindus-

trial concentration of 290 ppm. r has.been estimated that almost half of

the contemporary production Of CO2 derives from the cbmbu'stion of.fossil fuels

and fpm industrial sources (Ekdahl & Keeling, 1973). .,
: k

. a ..

There are as yet no reports concerning the response of any natural eco:-

syst m to changeS.in atmospheric CO22 .indirect efforts to predict such.

effects are underway Utiliz g computer models (Botkin, 1975;-See,Appendix

fof S urcp Material).' In ou judgMent; this problem is important and in need

of A ditional std y, but it is not as immediate as the other issues consid-

ered in.thiS repo t.

ecommendations

1. Rwearch: ive 'high priority in federally spon,

ored research to a morol complete understanding of-the variety

of transformations, of sulfur in the atmosphere, includirig such

"Factors as: (5) reside ce time in the atmosphere; (b) rates

of reaction; (c) distan eq.,loveA which the reacthnts travel.
AP,

2. Data collectio r, To improve the current sampling

and analytical techniqu s for aerosols (a) establish a* more

copip'2ete and standardized grid urban and nopurban sampling

stations; (b) identify she mass con6entrakion and Aemipal.

composIlion of the sabm croniCparticles.1

*Of unknown Molecular specie

q
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0.01 0.1 - 1.1'

Particle diatieter, 57 micrometers (Tim)

GENERAL AEROSOL PROPERTIES

0.01 2pm
1. Soluble

2.- 'Producedby condensation
(enlarge by coagulation)

Contain: SO4, NO, 'NH-14°

organic condensates, tracer
metals, (lead, arsenic,
beryllium, cadmium,' mercury, etc.)

10

2 100tpm
1. Insoluble

100

2. Produced mechanically,

3. Contain: soil, tire
dust, sea sa4t,'.fly ash,
Si02, CaCO3,

Source:. Measurements Of the effects of FosSil FuelCombustion on
Atmospheric Composition (Professor Robert Charlson, University
of Washington.), 'I'

=FIGURE 18: Bimodal Distribution of Airborne Particles.
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ACIIAZAIN

p.

For the` past two decades, scientific concern has, grown steadily over the

increasing acidity of the raja and snow in tbeNorthernjlemisphere;* This

conern,has now spread to the public realm (Likens and Bormann','1974;-Time,

1974). Probably the firStaajor study of "acid rain" was reported on behalf

of the SWedish government before the United Nations Conference on the Human

Environment, The report was entitled "Air Pollution AcrosS\National Bounda-

ries: The Impact On'the Env,ironment of Sulfur in Air and Precipitation"

(U.N.., 1971). ;Its tontlusi4m is the acidity of the rain in Sweden has

increased substantially since- ;the mid-1950s. The change is attributed to

sulfuric'acid formed from the okidation off pollutant sulfur.Compounds. In

the reporethe tlaim iS:madethaeabout half of the sulfur d+Sitedon

Swedish soil comes from,4oreig sources, chieflyiin central Europe and Great

Britain. Munn and Rodhe (1971), in a separate 'study, ieport that sulfur

deposition from precipitation i Sweden is fnCreaSing at a rate of 2-3. per-
.

cent per year This Increase s roughly parOlel to the risa\in emissions

of anthropogenic sulfur.

While long-term data'on'tho pH of rain in this-Country arescarce, there

is evidence to-suggest that a similar trend is-underway. Certainly the rain-

fall in large areas 4f theUnite States, especially in,New'England, is now

strongly acidit (Figue J9).**: he annual, weighted average pH Of-rain

falling in the Hubbard Brook Exp riment3l Forest in New Hampshireranged '

,. ,

from 4.03 to 4.19 during the yea S.-1965-1971 (Likens et al., 1972), while the
\

lowest individual pH ivas.3.0:# easurements of the acidity o± precipitation

in.the Finger Lak'es region-of Nell(YorkState are comparable (Likens,: 972).

Reports of similar findings in M ''.gsaChusetts, Connecticut,,PennSYlVania,

West Virginia, and Maryland ha e. appeared recently.(Pearsom and Fisher, 1271.;

Gordon, 1972a), 1,,i.-

''

1

.(:Clean rainwater is slight y acidic, having a 'pH ranging from 5.5 to 5.7.

This-acidity arises from the s all amount of..0O2 that is in solution! S02,in

*Barret and Brodin, 195S; Chrr 1, 1962; Feth, 1967; Likens,- 1972; Likens and

Bormann, 1974; Oden, 1968;Iti golaski, 1971.

**Figure 19 charts the,acidity ofall rain that fell in the U.S, durinOhe

two-week interval from-March 15 to March 31, 1973. It Showsthat_heaVy

pollution Acidifies substantially 'all .rain that ,falls east of the Missis-

sippi_ More important, it .d amatizes the .kind and quality of data that:

.canbe gathered simultaneously throughoup.vast areas by enlisting the \-

enthusiastic codperation o rammar school children. (16,000 of them in

this tase).

is the symbol for the loga ithm of the reciprocal of the hydrogen ion

concentration [El of a. solution.' A neutral solution has a pH of 7.0.

When [H1 increases, the solution becomes acid and-PH falls.

253 .
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ud

the atmosphere dissolves to --form sulfurous acid (H2S0 ) which dissociates in

two stages to produce hyd ge ions:,-

SO2 "4- 1120 -1:=1' I-12S

H2S03 tm; 2f 1± +. Sai=

The process contributes to the hydrogen ion concentration of rainwater

and to acidification. Sulfuric acid is highly soluble in water and disso-

ciates almOst,completely in forming hydrogen ions. It has been hypothesized

that the pH of rainwater near sources of pollution is controlled by the ratio

of SQ2 to H2S03, but at greater distance's is.controlled:principally:by H2SO4.:

The oxides of nitrogen and hydrofluoric acid are among the other pollutants

which may acidify rain. P.

The environmental anti ecological effects of acid rain are,,, coming under -

increasing study. There is evidence that the low pH may bp harmful to vege-

tation, aquatic communities, and possibly to soils. Over the past twenty

years, reductions in forest growth have been found in both Sweden and northern

New England in,association with the.increasing acidity of"rain (U.N., 1971;

/ Whi.ttaker.et:al. in press). A corresponding decrease in the pH of:.tree bark

has:been reported in southern Poland and Scandinavia (Grodzinska, 1971;

Staxang, 1969). Species of pine and spruce growing in the vicinity of a

coal- fired electrical power station may exhibit a variety of abnormalities,

including randomly dwarfed needles, excessive dwarfing of needles and shoots,

and reductions in lateral bud formation, all of which. have-been attributed to

,acid fail-out (Gordon, 1972a and b; EPA, 1971): . In laboratory experiments,

it has been possible to reproduce most of these defects with inoculations of

,sulfuric, nitric and hydrofluoric acids (Gordon, .1972a and b).

Simulated acid rain, (i.e., H2SO4, pH 1.5-3.5) damages some species or

flowering plants (Ferenbaugh, 1974), and impedes the development of leaf

'tissue on yellow birch seedlings (Wood and Bormann, in press). The growth

_
of timothy; an herbaceous plant, is reduced by inoculation with H2SO4ata pH

of 2.7 to,4.0.,

Acid rain may also harm aqua is ecosystems, particularly where the ratio

of direct rainfall to land drainag is high (Likens and Bormann, 1974). In

Scandinavia and Canada, numerous la es and rivers have shown changes in pH

which in some instances reflected ab ut a hundred -fold increase in hydrogen

-ion concentration (Oden and Ahl, 1970 Beamish and Harvey, 1972; Beamish,

1974).. Once the pH of a body of water has fallen below 5,. serious damage to

fish is likely to follow (Brock, 1974). The reduction in lake trout and

other. species of fish in Lum-sden Lake, located near a large smelting Complex,

at Sudbury, Ontario, is attributed to the\increasing acidity of the rain and

snow (Beamish and Harvey', 1972;.Beamish, 1.974), Of 150 other lakes in the

same vicinity as Lumsden Lake, more than onk-fifth had pH values less than

4.5; they were,termed "critically acidic." tn some Swedish lakes, trout,

roach, arctic char, and perch have been eliminated as the waters gradually be-:

came acidified. Below a pH of.4, the natutal life-cycleof fish may be
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interrupted and the-diversity of species -is greatly educed. Acidification'
of surface aters also threatens the micro-flora and\fauna (Almer et al.,
1974; Brock,-1973). Green algae, diatom algae,,and daphnid zooplankton have
Oen elimina ed following the acidification of-lakes in Sweden.

(1

Acidzan and snow may leach. out Critical ions from the .soil. In areas
of Calcareous rocks'and soils, the acid is likely to be neutralized rapidly,
but podzol soils which are already -acidic 'lack this capacity for neutraliza-
-tion. Overrein (1972) 'Showed in a Norw.egidn'study that acid precipitation
-could remove considerable quantities, of'calcium, an essential plant,nutrie t,
from- the soil,\ Thedretically, acid, ain might be expected to accelerate
the weatheriffeof, rocks. It is known that the major mechandsm for the
chemical decompositionof tockforming Minerals-is through solution in acids
The-Hubbard Bropk ecosystem study, however, did -not find any- increase in the
rate of weathering associated with excess acid (Johnson et al., 1972).

Recommendation

To establish a national' network,for continuous moni-
toring of pH levals (acidity) of rainfaZZ,which might be
incorporated into the air sampling'notwork suggested pre-
viously.

PUBLIC HEALTH

The following are summary remarks,on the relation between air pollution
and ill health.. A number of,comprehensive reviews of the subject either
have recently appeared or are being compiled.* The obstinate problems of
what constitutes acceptable air quality standards and whether there are
threshold levels belowwhichno harmful effects are experienced will not be
considered:

Epidemiology

Just 'as the information on,air sampling is ambiguous, so are much of the
data on the biological effects. We do not know which pollutant or combina-
tion of pollutants is injurious to health.**. While SO2,' total suspended
particulates and, more redently, sulfates,"'are ied on as. indices Of

*Ra1l, 1973; Committee on Public Works, 1973; EPA, 197 .NAS/NAE, 1974c;
NERC 1974; Finklea et al., 1974; Higgins and. Ferris in preparation.

**Tills assertion doe's not "apply to industrial and ottupatiOnal settings
which may generate elements having specific toxicity. -
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p011ut* n,*,the exact relation between th6e elements and illness is uk-

certain. It, is conceivable 'that other pollutants not measured routirieTy

may play a role. Still, it is worth emphasizing that most of the evidence

'
imputing adverse effects on health to air pollution has emerged from Com-

munities in which SO
2

and airborne particles were found to be prominent.

. \

-...,_

Another factor contributing t.6 the difficulty of assessment is that air

pollution is only one of many stresses to which urban populatios are ex-

foSed. Others that may impinge on health are crowding, poor by iene,: mal-

nutrition and, particularly, cigarette smoking. Pollution probably interacts

with and is reinforced by these additional stresses. But to iso4ate the role

of pollution is an elusive task requiring extreme care in the design and

execution of epidemio'logical research.- , ,za.

Despite such caveats, there remains a growing body of evidence to show

that as atmospheric level* of the oxides of sulfur rise, the risk to health

increases. This evidence comes from other industrialIzed,hations as well as

the United States. At present we have: ambient air standards for SO2 and-

total suspended particulates (without reference to the size of the particles),

but not for. "sulfates." Yet there are data to suggest that levels of sulfate

particles falling well below the standard.foi total suspended particles are°

associated with rising rates of illness (EPA, 1974; Finklea et al., 1974.1.

It is reasonable to conclude that further increases in the ambient concen-,

tration and the geographic distribution of these pollutants through the re-

laxation of standards of emissions and air qUality would pose an unacceptable

risk for the population.

Certain segments of the population appear to be particularly susceptible

to the effects of pollution. Most prominent among these'are the aged, persons

with underlying cardiovascular-or pulmonary disease (for example, bronchitis

and asthma), and perhaps most ominously, infants and children.**

I

*A simplifying assumption typical of such studies is that,the aeromestrie
?,e'.data from one or even a few sampling sites are repre d tative of the pollu

tion to which all of the subjects have been expos-e`. But differences in

.levels of,activity and in the amounts of time spent,oUt-of-doors,may in-

fluence both the type (chemical) and magnitude of exposure within the same

community.,-Usually.the assumption is dictated by technical and financial

constraints.

**(EPA, 1974; 0Ougla and Waller, 1966; Lunn, 1967; Lebowitz et al., 1973)

Cbildren offer a d stinctive advantage as subjects for study since they

are not likely to moke or work in potentially hazardous industrial en-

vironments. The reason for- their apparent vulnerability to air pollution

is uncertain. It nay reflect some form of biological immaturity, Or a

greater degree of 'physical activity out-of-doors compared with adults.

°Laboratory experiMents show that the effects of pollutants are magnified

by exercise. 1

.
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Perhaps the most amatic cons quences of air pollution are seen ip
acute episodes kindled by changes i weather, especially inversions,. They
.ftre manifested by excessive rates o .mortality or mort?idity An example of
an association that was found between fluctuating chahges in SO2 And mortal-

. ity rates in the.New York-New JerSey metropolitan areais shown in figure 20.
(Buechleyet al., 1973).

By comparison, it has been difficult.to assess the.adverse effects of
protracted exposure to low levels of pollution, and particularly tb deter-
mine if such exposure-alone might induce disease'. Some of" the most compel-
ling evidence to suggest that chronic exposure has acumuiative 'effect has
been adduced it the young. Two examples car' be cited.:,,A study was performed
in Britain on-over three thousand children born during a single week in Mardi.

:1946 and followed thereafter for about 15 years (Douglas and Waller, 1966).
Their respiratory illnesses were related to levels of pollution estimated

4

from the amounts of coal consumed by the local communities. The .investi-
gators found a significant correlation between these estimated levels of
pollution and the occurrence,'of lower respiratory infections (Table 1, 2y.*-
The second example is'from a 'study conducted by the Environmental,Protection.
Agency (1974) as part of its Communityllealth and Environmental Surveillance
System School (CHESS). These subjects ranged in:age from infancy to 12,years,

.,The children living three or more years in 'communities with relatively high
levels'of oxides ofsulfur and suspended particles had more lower respiratory
illnesses than did their peers who came from similar. socio- economic
grounds'but lived in gleaner environments. thi's association
between illness and pollution was not evident before the third year (Tables
3, 4), suggesting identification..of a gradual, cumulative. effect from air

Experimental Toxicology

Laboratory evidensce support/the thesis that submicrohic and sulfate
partieles, some of which have been identified in urban atmospheres, can be
irritating to the 16w: airways (Amdur, 1973; McJilton et al., 1973), In

realistic concentrations SO2 alohe appears'to be of little consequence; it
is so soluble in tissue fluids that little penetrates beyond the upper air;
%Ikacs. But if SO2 is combined with an aerosol that may itself be physic:dog-
ically inert, an interaction between the two agents can occur which causes
an exaggerated irritant response (Amdur, 1973). This exaggerated response
resulting from the combination of agents is termed synergism. Recent evi-
dence .(McJilton et al., 1973) suggests that synergism is enhanced once the
subMitronic aerosol is converted in the atmosphere froM a dry crystalline
state to a droplet (accomplished by raising the relative humidity of the
reaction chamber). The SO2 dissolves in the droplet producing an acid,
irritating aerosol. The result may be interpreted to suggest that either

_

*The lower airways include the larynx, trachea, bronchi and most peripher-
ally,-the,bronchioles; and the upper airways, the nasopharynx and oropharynx.

1
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TABLE 3, Age-Sex-Adjusted 3-Year Attack Rates for any Lower RespiraIory

Illness by Residence 'Duration and Number of EpiSodes

Community

Low -0

Lntermedate I
Intermediate II
High

Low
-Intermediate
,ftitermediatd II

High-
'N

Number of

Attack rate percent
<3 year

b
>3 year , Any length '

illne6s episodes residence 'riesidence residence *

25.6 27.3' .07.1
27.8 26.5 -27.9

2-7.5 .2p.o 28.7 /

22.9 38.2 36.1

SoUrce: EPA, J19

Legend: The number

questionnaires filled

establish "low," Sinterm

Fable 4.

19.2
14.6
14.2

12.3

15.2
14.6

B 17.2
23.4,

d types of espirator'y illness were'determined through

Oilt,by:theparents. The sampling data used to

iate,1)----angl'high" levels of pollutign,appedr in

p.
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Projected_ Asir Pollutant Exposures in Four Utah. Communities,
1959-1971

"'Pollutant arld community

Sulfur dioxide
4w
Iftermediate I M
Intermediate II
High

Concentration ng/m3
1959-1962 1963-1966 1967-1970 1971

c c c 8

16 18 415
32 33 33 22
94 94 91 62

c ' 10. 92 78.
133 114' 82

..-
81

...
<50 <50 <SO 45
51 59 62 66

.s
, 6 4 6

8 , 8 5 7

-9 9 9 8 r
15 15 15 12

,
,

Total suspended particulate.
A Low

.

1.ntemediate I
InferMediate fi

' High

Suspended sulfatesa
Low

'trite-mediate 1

Intermediate II
-High

Suspended nitrate81)
Low

Intermediate I
-intermediate II
High

2.7
3.3

2.4
2.0

a
Data given, for :1959 to 1970 are estimated..

h Only fragmentary data are available for suspended nitrates from 1959 to 1970.

NOt available.
11

Soi:rce: EPA, (1974) p.2

Legend: The monthly average of SO
2'

suspended particles, sulfates, and

nitrates Were. measured: duringone.year only. The values. for the remaining.,
.4

year were based on estimates of emissions and dispersion.

e.
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the tronsformation'of gaseous SO, to an acid sulfate particle (see Sulfur

emissions, atmospheric reactions), or the mixing within the atmosphere of

soluble gases such. as SO-) and droplet aerosols may he expected to increase

the toxic potential of pot-lotion..

Costs

Owing to uncertainties which have been discussed, it is difficult to

estimate the total costs of illness and death arising from coal-related poi-

lution. Yet such attempts serve a useful purpose. Even though the final

figures are arguable4 they (16 call attentionto the economic burdens we must

accept Urr not controlling pollution. Society pays thdst costs whether or not

they can be readily categorized, It has been estimated that. a°50 percent re-

duction in all pollution w .

d produce, a !aviags, in terms of red ced medical

expenses and reCovelcd i ome, of at least two billion dollars nualky

(Table 5) (Lave and Set 'in, Wm). The health costs related, to the pollution

from a. larecoal-fired plant located near a. metropplis may be as nigh as

the cost of fupl required-for generating the electricity (Appendix: Lave;

L.B.: Short term health considerations regarding the choice o coal a

fuel). . -

/

TABLE 5 Estimated benefits in health and annual
savings (billions of dollars) from 50%
ruction in air pollution in major
urban centers

Health Benefit,

, / I. 25% reduction of all morbidity
and mortality due to respiratory

disease 1.222

2. Reduced)morbidity and'mortality
, of all diseases, including extra-

pulmonary 2.08,

Saving /Year

Source: Lave and Sesk:in (1970).

Recommendations
N\,

1. To give high pl'iority to collaboration between the

biological and physico-chemical scientists in health-related

research on air pollution. The importance of. Such collabora-

tion both in laboratory and epidemiological.studies cannot be

over-emphaized. Otherwise, considerable time and effort may

continue to be wasted on studies of unrealistic design.

26o`-'
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10 encourage the formulation of ambient air stan-
dards that take cognizance of newly developing information
about the physico- chemical properties of-air pollution.

CONTROL STRATEGIES*

There'is under development by the Federal Government a policy en-
courages and may ultimately direct a doubling of the use- of.coal in the'next
decade. Such expanded use of coal will require the rapid implementation of
strategics, aimed at reducing total pollutants, apd especially sulfur corn-
pounds. This action is imperative since even cuvrent levels of emission
and strongly implicated in deleterious effects on man. and otherLscohlgical
elements. .

The options available for controlling the total atmospheric loading of
sulfur include: (1) reduction in demand for energy and increased efficiency
of-coal conversion; (2) use Of low sulfur-coals (less than,1 percent) to fill
expanded demand as well,as to substitute, at least in p rt, for high sulfur
fuels currently in use;, (3) employment of tall stacks to ther with an ".Inter-.
mittent Control System" (ICS); and (4) -removal of sulfur prior to,Y..dOring or
after combustion of the fuel. Option (1) has been reviewed by COMRATE Panels
on Demand. and on Technology in-this report and will not be repeated in this
section._

. ,

--Option (2), the substitution .of low sulfur coals as a Major .fuel for
meeting theincreased demands,inelectricity,,would appear to be a practical
so4utiob that can be implemented in alrelatively short time. Strong .advocates
are to be found for this option both inside and outside of government.

-There are, however,, a number of unsolved problems relatedto tpi option..
ihe numb6T-Of on-line boilers that can accommodate low sulfur westelrn or
eastern coal as either a total replacement or a mixing fuel is unknown.
Boiler characteristics may prohibit the use of low sulfur coal without exten-
sive retrofit.** For the new coal-electric generating facilities, thel)rob
is on2, of baAi-c gesign and is easily manageable.. ,

With large...reserves. o low sulfur coal available in the East,# an. also
in the West where surface methods can be used, we are faced with. the ch ice
of where to mine. Western coals are less expensive'to mine, the<costs
ranging from $1.25 to $2.50 -per-ton. Generally, western miningCan be
started of expanded at a.smaller, capital investment and with less delay than

*Reference for this section: -Dtinham et al., (1974).

**A change in design or construction of equipment to accommodate a new process.

#The quantity astern low-sulfur coal that IS available for boiler fuel
is not kno , as i makes up the reserye for metallurgical coking coal.

2.6l
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in the Fast. However, western coal is typically lower 'in thermal value per

unit weight and-is far removed from load centers. To ship this energy -by

unit .train, pipeline slurry or tranSMission wire would involve additional.

considerations the capacity and efficiency of alternative modes of trans-

port, the access:ibii.ity of land,,water;and other nonfuel resources that will

be required, and the large:social, aesthetic and ecological impacts that may

be expected.

tl
Deep-mined low-sulfur-coal despite its high thermal value and proximity

to market's,, has important disadvantages. It requires large capital and higher

operating costs, expensive safety and exacts excessive human costs

in terms of high rates of accidents and CWP. These problems have received

increasing attention from 'responsible state and federal agencies. By contrast,

the problems indigenous to the West, the rehabilitation of semi-arid land, the

need for vast amounts-of water in,the mine -mouth conversion .(electrical g nera-

tion plant. located at the coal mine) -of coal to electricity; syngas (gas sy

thetically produced.froM coal) or syncrude, (crude oil synthetically produced'

from coal) and the social and economic impacts of extensive induStrial de- 'k

velopment in:settings that are predominantly rural,.have yet to be addressed---,

seriously on national or local levels. What may at first appear to be an

easy, attractive solution of shifting the geography of energy preduction,to

supplies of coal that are more efficiently mined and .lesspolluting, could

ultimately have complex and more profound impacts than would maintaining he

current distribution of. mining.-
,

Option (3), the recourse to a combination of tall stacks and an "Inter-

mittent Control System" (ICS), has received strong support Within 'industry-,

'nd certain government agencies as a method for controlling ambient concen-

tr 'ons of SO2. The method, however, would not curb total loading of the

atmos sere by s err oxides although it Could improve local and .perhaps re-

gionara. crality during periods of decreased atmospheri6dispersion. The

quality of the air regionally. may ultimately be threatened more by emissions

from all rather than short stacks. The ground may serve as an efficient'

sink for SO2, thereby reducing the- formation of sulfates aloft:

,in normal climatic circumstances, the tall stack acts to lower ambient

concentrations of SO., and Suspendedparticies.at ground-level. Nonetheless,

it has other undesiiible features; it'enstiesmider dispersion pf the pol-

lutants, a-longer intefial,for the conversion of SO2 to particle's in the

atmosphere and, foirowing periods of inmersion, leads to fumigations at ground,

level. The tall stack is an inadequate means of controlling porlUtion. It-

-may be said to provide a lesser risk to neail populations and.a greater risk

to populations of distant-, wider areas:

IF tail.stacks aTe to. be combined effectively with ICS, the following

supportive measures 'will he needed:. .1continuous field monitoring of the

oxides af sulfur (as well as other toxic agents), continuous weather fore-

casting, apd a.capacity for rapidly reducing:_through-put during periods. of

inversion. or stagnation.,. At present most localities cannot'proVide the meni-

toring and forecasting, that ard essential for early, secure decisions tocurtail'
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activities. As a consequence, those s)Astms which are in operation in-this
country have-been known to violate ambient air standards. It should be
recognized. that if air standards arc enforced in conjunction with this sys-
tem, periodic curtailment .in the 'generation of.electricity may be required.
The result would be to increase the longterm cost of electric power to the
consumer.

Option (4), the removal of sulfur prior to, during or after combustion,
is a feasible alternative to cor-h61 atmospheric, loading,. The pre-combustion
removal .of sulfur by acombination of mechanical and. solution techniques needs
further devejopment i f ^high sulfur. coals are to be used safely. Adequate
federal funding for r6SearCh and development in this field should have high
priority..

I
The sc:bbing of stack, -gas for sulfur-Temoval is at present an issue of

national debate:,* We suggest that technology now available, if applied effi-
ciently, could iielp to achieve clean air standards. The desulfurizat:ion
systems include,wet limestone or lime scrubbing-, magnesium oxide scrubbing
with regeneration, catalytic oxidation; wet sedium baSe scrubbing with re-
generation, double-alkali sodium scrubbing and the citrate process. The
limestNn or lime wet scrubbing and the double7alkali'sodium scrubbing sys-
teMs yield an end-product that is virtually without value and which must be
permanently impounded. HoWever) the electrical power industry has a number
of other possible systems of controlling missions. In time, with competi- ,

tive vpgrading ofthese.systemsthere'could be a-Substantial lessening of our
present reliance on costly low sulfur .fuels for eastern and midwestern power
plants.

The,cost of flue gas desulfurization:might reach 5-mills/kwh c1 would,
r=aise -the priCe of electricity ,to the consumer.. by an average of 15-2 ercent.
This estimate is based on recett indications that flue gas desulfurizati n -

can-cost from $45 to nearly $80 per kwb (Hesketh, 1974). Estimated operating
costs for .500 megawatt and smaller facilities are' in the range of 22.5-35
cents pemillion BTU. The smaller figure :is _equivalent to a charge of apl
proximately $5 per ton. added onto the cost of the coal burnt. Waste dis-,
posal costs for FGD systems eould.be as high as scrubbing system operating
costs. Yet,'in'terms of the,raiiid,rising costs of other forms of energy,
the need for restricting the-release of sulfur into the atmosphere, and-the,
security provided bya vast, economically. .reasonable supply of domestic fuel,
we believe that the benefits'to be derived from FGD in terms of health and
welfare will be so great 'that this option should receive priority consdera-
tion. (See Table 10 for dollar value aloneOf health benefits.)

Recommendations

1. That the Federal Government not approve the tali-
stack intermittentcontrol systems for dispersing emissions`
of sulfur oxides as oct permanent solution. A few exceptions

. . .

may be permittedlin older plants 1,71 specl,f1,c sites, but it

2
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and aro subject to roversa;
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;uoh exceptions aro limited in time

Tha t fi' e10 24a Cii) C 1111,1r t 4.14; t Oad require the

in'stallafrion of pollution abatement equipment in both new
6avi existing coal-firc'd plants, while awelerating'finan-
oial support for,lvi.ie.ar(rn-and development on clean fuels

from existing a0UP000.

ti

CONCLUSION

A century ago, the Victori n social critic John Ruskin (1819-1900) 1-6-

feved to the air pollution in cities like Birmingham and Manchester in an

article auspiciously titled "S..torm'Cleud Over Europe" (1871). While Ruskin"s

specific intent was to show that the haTmony between- science and theology

had been. irrevocably broken, tWtenor 11,X the article reflected his concern

that pollution had "blanched the Sun." Re' was calling attention to an unde-

sirable ramification n-of the use of energy, and particularly of coal.

with the environment has.greater validity today.
ize that coal as a means for,providing electrical power

to he'aitlrand the environmeNt,.. A realistic appraisal

mes a convincing argument for7AA, policy of'"loW-growth"

If we are forced to ftoceed 1)00%1 such a policy because

in the other conventionil soures of energy we should

of coal only with great cautio only where necessary,
panied strict regiviations an technological- controls.

Ruskin!s concern
Society should recogn
Tosesserious hazard
of these hazards bec
iii the.use of coal.

of sharp- reducti-ons
then expand the use
and only when accon

0
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ANNEX
THE GLOBAL SULFUR CYCLE

The main reservoirs of sulfur ohearth are listed in Table -1 They --

range widely in concentration. from about 17-percent in evaporitedepositS
(primarily gypsum) to mere traces in:continental .ice and air. On a mass
basis, the largest deposit of sulfur is in rocks, while seawater contains ;

the most- mobile form. With few exceptions, freshwater has less concentrated.
sulfur than seawater (Table 2). The 'variations in sulfur content'among
freshwaters are-mostly attributable tolOthe kinds of rock presenf in the drain-
age basin. The atmosphere, despite having a. relatively low concentration of
sulfur, is a primary conduit- for_the transfer of sulfur.

Y.

There are a number of estimates Of the,amount of sulfur entering the
atmosphere as S0 as a -consequence of human activity (Friend, 4973). In cal-

culating the relative contributions of the major s urce of sulfur. in the at-

mospk er 1ere,we have relied on'the estimate of Kellogg ., (1972) that the$3Nkru'

total human contribution .of SO2, expressed in terms of elemaraal sulfur, is
.-, 50 x'.106 tons per' year. Thes calculations are summarized in` Table 3. .Only

the combustion of fossil fuel should acid any net sulfur to the atmosphere.
The oVerall.process :i.s cyclic, and inputs from other natural sources should

..be balanced by subtraction. The addition of sulfur from fossil fuels pro -
duces only a. transient and geographically limited change in the,suffur bud-
get which becomes counterbalanced by increased sedimentation of sulfur.

About 27 percent of thesulfur entering the atmosphere globally is esti-
mated to arise from the burning of fossiLfuels. Berner (1971) estimated
'that 27 percentof the sulfate in the world's rivers also arises from pollu-
tion. Man -made pollution as a source of atmospheric sulfur i.s exceeded only
by b:iogenic hydrogen sulfide and. vganic sulfides. Hydrogen sulfide has been..
estimated only by algebratc, difference, and hence is not a measurement with
independent validity.

,
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TABLE 1 -Main Reservoirs of Sulfur

(I

Source

Mass of- sulfur
in. metric tons

Percent of sulfur content
in each source

Sea.

Freshwater

ice \ ,,

AtmOsphere

Evaporites

Sediments (mainly
shales)

M6tamorphic and
igneouS rock

J

1.3 x 10
15

3 x 109

6 x '1.0
9 .

3.6 x 10
6

5 x 105

- 2.7 x 10
15

7 x 10
15

0.09

0.001-1

0.00003

0.00001

17

0.19.

0:03
1

11

Source Holler and Kaplan,(1966): The values'listed are approximate; for
ranges and standard deviations, see the original paper, For athel

valuqs, see Friend (1973).

26,9
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TABLE 2 .Sulfate and Chloride Analyses of Natural Waters in Parts Per
Million

Water Source SO4 Cl SO4 /C1- Remarks

Lake Tepiskaming Ontario. 8.9 1.5 5.9 Precambrian shield

Lake Superior, Ontario/U.S. 4.8 1.5 3.2 Precambrian shield

Si. Lawrence River, Ontario 21.5 4,77 1.37 Drains Great Lakes

Ohio River 69 19 3.6 Sedimentaryliasin

Rio Grande, Colorado 84 10 8.4 Arid sedimentary

Pecos River, N. Mex. 1,020 90

0

11.3 Arid semi,sedimen-
.

tary

Gelora0 River, Ariz. 289. 113 2.56- Arid sedimentary

Salton S\a, Calif. 4,139 9,033 ,0.46. Colorado River

...,

drain

Devil's La e, 3,460 787 4.4 Closed basin'lake

Basque Lake Brit, Col. 195,710 1,690 109.9 CloSed basin lake

611V
Rainwater 0.58 3.57 01.16 World.average-.

)

CJacobs 1937)

River.water 11.2 7.8 1.44 World average
(Livingstone 1963),

Seawater 2,650 19,000 .0.14 Average seawater
(Goldberg 1957)

Sourte.: Livingstone (1963).
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TABLE 3 Components of the Global Sulfur Cycle
'(Values listed are in units of million (106) tons per year,
calculated as'sulfur)

Component

Sources to atmosphere:

Wind-blown sea salt 004')

. Biogenic H
2
S, organic sulfides

Burning fossil fuels, Smelting (S02)

Volcanoes, etc. (HAS, SO :,-S°
SO

4
7)

6

Total,

Sinks from atmosphere:

Rain over the oceans (SO, SO4) '

Rain over the land (502,'so4=),

Plant uptake and dry deposition
(SO )

Plant uptake (SO4 )

166Wotal

nr

Percent of
Land ,Sea Total Total

50

0.66

43 43' 24

88 48

27

0.66 \0.36

182

72 l 72

85 85 47

15 15.

-10 10

182

Source: Data of Kellag et al. (1972),'recalculatied in terms of amounts of

sulfur.
SO2 = 5Q% sulfur,,R2S = 94% sulfur, SO4= = S3% sulfur. ,

The agreement'betWeen sources andjSinks is artificial since the
quantity or Wagenic H2S was calculated in order to make the values
agree.
For a ciFparison other estimates, see Friend (1973).

4
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SECTION IV

DEMAND FOR FUEL AND MINERAL RESOURCES
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CHAPTER XI
INTRODUCTION TO SECTION ry

The Lmmediate importance of mineral. resources to society is in their
relationAhip to energy--firstly in-that the fossil Fuel "minerals and, to a

lesser bait growing extent, uranium provide most energy. Secondly, but less

directly, all 'mineral extraction.and-use (including the fuel minerals them-

selves) invo ves major energy inputs.- Section'IV, therefore., .examineS.demand

for miner resources in its relationship to demand.farenergy as a whole,- -
an giving separate consideration'to each mineral.

Policy decdsiOns now being made to increase,exploitation of these
resources-are of overwhelming` importance'. for.the,future since resent use of

nonrenewable resources precludes possible:future: use. Energy cannot be re,

Cycled. .Because commitments are, already'beingOnade, it becomes a_ hatter of

urgency to determine that the supposed needs for increased exploitation are'

based on valid data and 'assumptions . 4

4

Twp major conclusions of theAdeMand panel are firstly, that the basis

of demand projections which are influencing-nat'onal energy research and

development policy is' questionable, aid secondl that the potential for

:'.policy for influencing demand has been neglecte relative to tha-Lfor influ-

encing supply.* Aspects of the demand question'lending themselves, to con--
structive action therefore fell naturally into two categories: 1)4_ntegration

and analysis of information on all interdependent aspetts Of the,'Materihls

question which relate to demand and which form the basis of demand projection- -

demand itself; supply, environmental' impacts, technical questions, and

political and social considerations, both national and international. A.

-* Evidence for this latter tendency was provided by what theFoTd FOundation

report (1974) called the "alarmist overreaction" illustrated in President

Nixon's "Project IndependenCe" speech of-January 23, 1974 (Nixon, 1974), and

the supply-oriented policies arising therefrom. It is to these pOlicies,

primarily based on the Dixy, Lee Ray Report: The Nation's Energy Future

(Dixy Lee Ray, 1973), that the panel refers when commenting on:"current
national policy" or "Project Independence." (For,a discussion of the

distinction between these policies and the contents of the Project Indepen--.

dende Report (ILA, 1974) which appeared in the-firial editing:St:ages-Of this

report, see page 269.) _
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corollary to this would be improvement in the actual techniques of.demand
forecasting; 2) the potential for influencing demand on the basis of. such
information.

1 INTEGRATION AND;-ANALYSIS OF INFORMATION

.Projeetion of demand forms 1he'baSis for policy related to supply. The
two cannot be considered independently of one another. A first-ba/.Se preposi-

'tion, therefore, is that estimation procedures for demand prRjection bp
examined as rigorously as those for, supply. Where the information base-is. -
fOund wanting, every effort should be made to improve its sophistication and-
its-usefulness to the policy,makers.

The demand panel; like.the supply, panel, found the methods of estimation
of. demand inadequate in many respects. As with estimates of supply, the data
are often inadequate, ,. some of the anderlyine,assumptions untested. 'and the
methodology as yet unsophisticated: The panel-tommissionecand analyzed a
detailed Bibliographic- Review (OVerly, Scbell, 1973, See Appendik) of current
demand projections for energy minerals. Chapter, XII examines a-number of. .the
most influential of-these projections, and identifies cumulative biases which
appear to make the projections too high. The danger of such a bias is that
it stimulates efforts to Ancrease sumply to such n extent that the demand

-
projections'themselves become self - fulfilling. _

---fnthe panel's opinion, theref0- a firststep in policy directe
toward demand must be to establish efficien achinery for the integration\and

_i.analySis of information en:which,demand projections are based, and to atfemp
to improve the sophistiehtiori of forecasting tedbniqUes.

CentralizatiOh-Of Pnformation
f

o

A preliminary,, Move iii the fOrmulatton,ofloolioy for addressing this isSde
is centralization Of,t4for-iiiatiOn4 on a national and iiiternational basis.
Henry Kissinger'proposedodn-biS'7Speecti td the'U.N. "1974", that:"

7
Intern4tiona4 group-of-expertork with the. U,N. in.

isutveying rsbUrCeS and developing'.anearly7WWWinkisyst 'for
scarcities ild:SUrpluseS.% ° '

,11 oe.

His call for i erhational coopera on stressed theittnt6Adependenc
oped.,anddeVel ping natons,: and th eed to shorep confidend'e in
credibility o U.S freAtrade principle-sIsPriority,:conideration in
latingopolicy mUst'be given to the repercuianS''on the world iione
systpm-, the orld foOd situation and on the poor$r countries Ph p rticd1
of an alarm st PoliCY'af !'splendid bisolation6Nin reSources.. Pi7om a.

national stiendjoint alone theotential for backlash is evident.



The environment too is-a. global as well as national problem. The global

environmental costs of materials policy aimed at increasing supply must be
factored in to the information based on which demand projections and policy

t
relating to demanerest.

.

, .

On a national basis:, there is need 'within the United States to .overhaul
the federal machinery for making and using projections of demand and supply
of resources. A report to Congress by the General Acco rating Office ( AO,

1974) endorses a conclusion of the National. Commission on Materials Policy
that:

"Almost every aspect of policy work in this area..is handicapped by
inadequate,. inaccurate, or inaccessible information." CNCMP, 1973).

'and stresse that essential data are unavailable to government except as the
industry willing to pcovide it. Further, the available data are processed
through unsophisticated projective techniques which fail to employ modern
statistical methods and-,----more-impertantly, neglect considerations which Ore

difficult- to :incorporate int -numericai-models. The GAO report places high

priority on an effo5kto impro and centralize data because the govern-

ment:

"already-deeply. involved. in resource management...needs proper
informatioAon which to base its actions." (GAO, 1974).

The GAO report deplores the lack of a. centralized government mechanism
to coordinatevOlicy, planning. The report calls for the establishment of an

interdepartmental .commodities committee withmonitoring, analysis, and- fore-
casting responsibilities, to permit more accurdte-projections of domestic
and foreign supply and demand. trends. A central agency with th6se functions
should be concerned to provide a forum for domestic interest groups through
public hearings.

nthusiasm,in Washington fUrsuch an agency. is tempered by fear of-too
much government interference in the free enterprise system* but, as the GAO

(1974) and Fiord Foundation (1974) reports point out, the government is already

*George P. Schultz,-(then Secretary of the Treasury) in a March 27 letter to
the GAO, saidsadoption of such a-system "would constitute a fundamental
change in the'bconomic philosophy of this natiorr," and would imply that it
was more desirable for the government to make essential decisionslhan -6b

leave them to a "free, competitive andoopen market." In the Dupont Context,

No. 2, 1974, (Madden, 1974), John F. Deice writes that there iSifear th4t

too much government control could harm the country'senergy program, and
"k that there lb little enthusiasm in Washington at present for creating a
Federal Corporation to take over the Oil industry functionS. Dr.,Carl H..

Madden, chief deonOtist for ()limber of Commerce;* suggests in the

same issue that a number of new institptiops should be established fOr the

purpose'by'multinational,corporations:

r
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h&avily invo v d; what is needed is. an improvpd and .coordinated data base for
aftivities and rograms already Oing used to support the effective operation

v

of t e matt t system. Cogent arguments ,in support of centrclized planning
are pi vided by Harvdrd Professor of Econ macs Wassily Leontief in a recent
areicie :trossing the need for 1.'a Well:stat.d, well-inforMed apd intelli-
gently-guic A planning bOarird." (Leontief, 19741-.

..-.1It is pta i -,..whic evei view,we take, that this issue warrants immediate
consideration:by the tegistature.

f
a

\

Improvement of Forecasting Techn queSrnnd Use

BeCause of the long lead times involved in minera. and fuel exploitation
,operations; it Will always be necessary to project future demand. HoweVer,
the intelligent use of projections for policy cannot be based on ,Weakly
foundedlong-range projections which try to foretelTan immutable future!.-
Rathet,g4olicy needs short, medium, and long-ra ge conditional,forecasts\
bhich are addressed to the assessment of the di ect and indirect consequences
f diverse policy options. ,These forecasts must be eontinuouslrrevised in

the light of new information about changing circ mstances and the intended
and unintended consequences of policy. Chapter, VII discusses the state-of--
the-art in demand forecasting, and gives,some suggestions on ways it might

"be improvOd,

2. POTENT
\

IAL FOR INtlUEWANG DE ND

a

Of -equal and parallel dmportance-with its call .for- improvement of in-
,

formation and forecasting techniqUesis the panel's conclusion that policy
for influencing demand has _been neglected relative to that for influencing...
supply. 'Even given accurate projections showi
and demand, there AS no - empirical basis far sup
urea mdealid'%teany more recalcitrant.to poli

,,,

supply. Factors such as rising per capita income,
income, increased conversion to electricity, andip

a large gap between supply
sing that the projected fig-
y.influence,thamthose for
more equal distribution of

need to use loner grade
rtarft ,offsetting factors
projections -have not
o the effect of supply

ores mdy augment energy use. ',=There are, however,,imp
likely to reduce energy eonSuMption that current deman
sulficiently'takenintoaccount, Some of these relhate
constraints on Teducing energy waste and increasing,effi ienc,' of use, and
others result from'broad social and especa;HHy economic a price trends lead

.ing to less energy- intensive production andeonsumptTon pat erns. Those factors
tending to increaseas as those tending to decreas-e co sumption would
appear..to be amenable,to a national policy aimed at reducing viand which
sought to modify former while enhancinObeeffects of teo tter.

4 .

Inkum:by assuming "that current demand fAOrecasts are not onf accurate
but immutable targets, policy makerS'emphasizinglinci,eased sipply ha al-
loOod very little scope for decision making. One aim ofour.,\

2;76 a
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discussion is to stimulate -enquiry into courses of action alternative to this

very limkted policy,

1

The emphasisi-of policy aimed to limit devand, as'deterMined.by he three

major policymaking groupsJgovernment, industry, individuai'sl, to be effect-

ive must-be keyed to voluntary, self-interest motivated reStraints, -rather
than being based on potentially unpopular fiats.

The survey results described in,Chaptcr XV indicate the s lack

of trust that other persons will voluntarily restrict their consu t :ion with-

out relLulations. It :is therefore necessary to assure the public chat in .the

event of shortages some mechanism wilT.be devised, to proVide equi able

allocation. If such safeguards'were offered, there Cs evidence t suggest

that people will be prepared to make a conservational effort. I order"to

foster-this receptive climate of opCnion, it- isnecessary to pub i,cize and
encourage voluntary lestraint in consumption and to "selj" the a ternate.

life-styles:. for example, substituting simple near-home pleasur-s for far"

flung resource consuming recreational activities. That!such go is are not

Utopian, is proveq,by the overall public response of the Americ n public. to

the Winter 1973-1974 petroleum shortage, wherein energy usage fir heating,

lighting. and cars was effectively diminished.

The attemptto curtail consumption will'meet resistance. Ibviously

there will-be strenuous oppositioCby intarest groups Whose sales will be'

affected. Owners of marinas and flying fields '411 clearly fi ht propagandaf

inimical' to growth in the use of their nonproductive energy coisumers, as
manufacturers of large eight cylinder cars, unless each c .eorient

profitply to less wasteful modes of earning a living. uch.t areSrtiens will-h A

take 'time and should be encouraged by incentives in the interi , so that

the individuals' managing the businesses involved and the owner are personally

motivated to, make the changes to less wasteful modes. j

In short, it will be necessary to develop policy t.o foster basic

range changes that encourage conservation and efficient use 'o -resources., At

the same finis it must be. recognized that a sizeable fraction if the American

public is now on a sub-standard level of subSistence Which mu .t be improved,

with consequent dedication of resources.

WC list below some specific-areas Suscepti d policy nfluence by

government, industry, and individuals.

I

Externali es

There is an incrOsing awareness hidden costs which' ouTdp,be added

'to the prdducers' costs (rather than being borne by the society as awhele)

meaning thht they would be reflected in the price paidbby ph usc.7-s

exam es are given in Chapter XIV). Institutional means sho ld be found to

tralh7Fer a major accounting of cysts to the users, so that .emand will adjust

411
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to the reality of'what it'costs to supply. The two major items herelare the
transfer to the particular commodity user of tax and other Toney osts that
artificially maintain low ekergy/materials prices and the transfer of many '

environmental costs directly\p the materials /energy sector so tha these
' may also be reflected in' pricing

N\

Changes in Taste

OChanges in tastes area potentially powerful determinant of the rate, of
energy use, and there arc many today who call for a. return to a simpler and
less energy-consuMing life. It is possible that advertising, which may have-
contributed to. certain forms of exclessive energy consumption in present'J.ife-
styles May be employed to achieve the- reverse affect by re:inforcin trends
toward- simpler life styles and conservation of energy material's.

. .

4 14 I

Government Le*adership

Although the market) place is the preferr mechanism forcallocatioln
resources,,and direct government control in the forl of price regulatik,
rationing, etc. is to be avoided,as far as poss:ib e, the government has had
and still has a. role to plarin influencing market trends.

Government at several levels (buf7With national niformity) should .set.
and enforce norms and standards(in energy utilization 1 eluding design
standards for public buildings and federally insured hou ing, controls on the
size and maintenance of motor vehicles, restriction in th use of feedstockS
for,certain types of consuMer items, regulation Of'the into sity of use of
fertilizers in agrliculture, national speed limits, and so fo. th, to the
exttemc of rationing of energy. The government should also e ploy tax in-
cen,Ives, use disincentives and subsidies as a means of discouraging dis
po able produces/reward durability and encourage innevation. r4it
la.tiorcould be

regu-
_

an extreMe measure to reduce demand i mineral

thatproducts; however, it is more appropriate.in a free-enterprise sys
appeals be- made- to .reason and ethics-to keep demand in bOunds7vo
Finally, the tools of import-export reciprocity, regulation and irfisenti.rte a
can bc._useful as a, means of insuring supply demand balance. SomeeSIimales
of the effectiveness of such measures are now becoming avallable, Mut they
are probably subject to broad margtps of error. Their indirect effects, on
the general economy .or on particular industries, or- particular regions and
localieies,-are not well understood, and ift/maiv cases they may be quite
large., in,a complex mixed economy, and even in'those which attempt central

the unanticipated consequences ofSrsuch actions have often dwarfed
their direct effects,' It is essential, therefore, that these measures
receive verycareful consideration.

D

ti
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A

-:SYNOPSIS OF RECOMMENDATIONS
ti

, The panel's-recOmmendations, given in detail at the end of this report,

arise from thetwo major.themes outlined above. The first two concern infor-

mation,, and the,la-st five, policy for. influencing' demand.

1. Collect accurate data to allow meaningful analysis of demand

functions:' .

'EStablish institutions and technical ability to make demand

forecasts under various policy options.'

Wheneva.rpossib(e, use the market place to influence demand

rather'than direclt government controls:

. -Establish
pub lip:

, .
-

,

ans.to ameliorate particular hardships caused by

icies 'that alter demand.

.5. Examine all Fedqral- actions for effects -on energy' 'consumption.

6. ,Encourage a"National conservation ethiC.

.7. Exerbise restraint, il all -out efforts to increase supply.

Matrix forredommendntiOn action

17/

Fed. Govt. State Goyt.N. Indu$try

1.
X

X por .

3 X °

5

6

X

X

ra 0

Academiair

0t0

'Public
O P 9

x,

X
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CHAPTER X.E.I

DO RECENT PROJECTIONS OF ENERGY "DEMAND"'
VROVIDE REASONABLE POLICY TARGETS?

'.The primary function of demand forecasting is to provide a basis for
contingency planning. f-The parqcular eonstraints.of theory, information an4
institutional needs under which ,recasts are made- make it disfunttional tq
take their-,estimatesoin a literal, quantitative sense as a basis for policy.
Rather, insofar as forecasts of demand for -C-Ommodity enter into pcilicy7
making-, they should do so not as "givens"'butas' eStimateS (of varying
accuracy) of what would happen under certain assUmptid4. Uriless theassump-
tions are'examined, and p

iossibleirifluences'on them a.1.4 ,'.yzed the policymaker
'hasgenerated)lo alternative courses of action L-Tmuch le's'evaluat,ed theM.

LfforeCasts of demand for energy tare o be used.as'a basis for. national
,

policyi.. We-want to know, at the very least, what entity has be'en,prpjected
--and what. asgumpticns4ave been -made -in the procoss of estimation. When recent
projections of -energy,demand to the. year 2000 are examined With thes4,' points
in mind, they are fo,kind to contain conceptual errors and questionablerassump-
-tions. ' The resulting. estimates' are thus likelyto,engender- inappropriate:
policy decisions,.

' ' To help carry out its charge, the Demand Panel. commissioned a review

r a

(Overly,..Schell,f.73,,see.Appendix.)_of recent, readily available demand '.
fo ecasts -minerals and fuels Some 40, forecasts made betueen1965 and
early 1.97 were included ;. however, about 30 of thesb were taken, from Previous
revi $ nd summaries. Ten more recent,forecasts and sets poreeastS,

- including, we feel, Olose being used for'natienal policy regarding energy,.
,were analyted in-some detail: ,Although there were differences in methods
anti details, the discussiol h t'follOws-submarizes thNgeneral approach, and
eMphasize5 the shortaimings 'Mirjorityof these fol4casts. Details,of

f..) individuaLforecast andlYses re given in. the review cited'. (OverTy,-.Schello,
-. .see Appendix to-Sectio.ft IV.,) \
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DEMAND,,CON 'TION OR 'NEED' ?

o!1 A .

.

iPne reAon the projectionsa are leading as:futuretargkts is t 4t.,,they,
,

fail, to distinguish among '.demand''! d "consumption" aqd "need. " -. DemanOs
....

essentially the .quantity of a-c0 odity.that.will be-desired at a certain'
..
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,price (or changing price) 01/6T'. some peri

ha much of a commodity is. used. :4Need,o
supposing that extrapolated levels of consumption are normative or "required"

4by society. 'Since there iS.no objectiv way in which one can spec what

living levels should be at some future ime, the notion of "need" or %require.-

meats" founders in two ways--it ignores supplyifactors and their role in

limiting demand," as well as assuming th t one can specify. some level of future

consumption that is, objectively speakiig, "needed." We shall concentrate .

our attention here on the distinction between "demand" and "consumption."

Most of the projections of total e ergy "demand" for the United States,

are actually projections of "Consumptio ," made using more or less soPhisti-

.cated analyses of past Use trends.- The, tell.us what might be conlamed, if

there were no supply constraints that, n turn, were reflected in prince,. and

if rends of all other factors that aff Gt use don't change. But, as we knoW

from -report of. the Supply Panel (Se tion wer'nust expect continuing

supply constraints.... It may be possible for energy policy to allow Americans.

to believe, in the short-term, that suc constraints do note exist. But,

unlesS policy is.geared at all costyto making cheap energy aVailab46, supply

Shortages will cause energy prices to rise. Demand, in-the real economic

sense, is most unlikely, to remain unaff cted by'pr.ice increases, but thp

.projections of consumption cannot take this into account.

d'of time., "Colsumption";is siMply,
"requirements" differ .again in pre-

The importance ofoth distinction
.illustrated by the'undereAtimates of f
the "demand" projections of the ',1950s.
actualities of the 1960s and early'197
future consumption. Why? One of the
jections did not take account of the f
in our society--it was getting cheape

between demand and consumptibh is well

ture consumption that charaCterized
The latter, When compared with the

s, typically turned out to understate
rincipal reasons vas that these pro-
ct that,energy was becoming a bargain

aver the period and, hence a demand was'

created that was tar greater than would have been the'case,atthe higher

prices that existeJ earlier. Indeed; the consistent underestimates of future

"consumption led estimators tp believe that they should compensate on the-high

side, This reaction is too simplistic..-The conceptualentity being pro-

jected must be-one that reflects changing prices--whichever direction they
.

are going:

\ .

At' .

Supposin
h. national policy, saw to it that energy prices reflected the

truerelilaceme t'costs of materials, as well as the .social costs of produc-

tion and use, i what proportions should the ' projected consumption levels he'

,scaled.down? Thi 1lq.uestion concerns how responsive, .ar'"elastic"-consumption

of- ,energy would be n relation to rising prices. Unfortunately, we have no

elegant answer beCau A energy has been so ple2tiful\fhat we.hav no large-
,

I \ . .

seaje ecoebmetric studies of how .demand for eiergy varies with price. We

I
have 'attempted.iteMpied. to provide some answer to this -Ouestion in Chapter XV. It

seems highly unlikely, that demand ,for energy 's inelastic" and, hence, in-

sofar as prices `:will rise in the next 25 years, most of the existing esti-.

mates of future consumption which 'dd not Considerrising prices, will over

'shoot the mark. ,

.

..j,"
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Of course, demand for energy s not only a. function Of the price people
must pay but also of their incomes. There are not only "price elasticities,"
there arc "income elasticities'." bat assumptions do the forecasts make
about gro th of income? In general, they assume levels of,growth in our real.n. ,

6ross Nat onat.Product that now also appear very optimistic- -rates of 4.5
percent annually to the end of the century. This:rs higher than our average
growth rat between 1951 and 1971. of 3.4 percent,2and recent eventS have led
to-a'scaAin) down of projected economic growth rates as far as the year 2000,
Thus, we ca not expect that-rapidly rising levels of real income will easily
compensate t r a shift upward -in the price of energy. Trends' in GNP grokth.
will be disci ssed in Chapter'Xill.

n growth is.another factor influencing demand. host of the
"demand" proje tions reviewed not only presupposte that no supply constraints
are, in the off ng, they also assume-that there:will 13.e mofe 'people around by
the year 2000 tian seems probahle atothiswriting. The projections for
energy consumpt on typically assume rateslof population growth over 1 )er-
cent--sometiMes'as high as 1.5 or 1.7 ftrCent. Since population. growth
Otes-have been et:lining quite pidly, more recent population:projectio s

by toe Census BUT au, and comparable'projectiogs.to be found in Chapter Xi
of this report, slow that, the American popillation 001 most probably be con-
siderably smaller by the year 2000 than i as Omed by most consumption fore-
casts.

Finally, most projections assume .hat the relationship between" econoMic.
output (GNP) and the am6untof energy sed iss,fairly constant. Actually,
however; this relationship has been variable over Our history and AA also
varies among other highly industrial countries., (Ford Foundation,. 1-974.) Per'
un i of GNP, we have used diminishing amounts of energy over the long run'. ",

Cao.-es of this trend ap pear to include greater technological oeficiency,
sec .oral shifts in our ecohoMy, and changing tastes.

Ln sum, we must r evaluate the so-called projections Eor energy because
the.e figitres embody a -oncealedpolicy directive. Projecting conSumptioh
unrstrained.by'supply c nsiderations,-.they say,: in affect, that 'there,,cannot
be ;,apply constraints any greater than we experienced in our energy:chenp
period. And, when the gov rnment makes an effort, on the supply side, Ito
"meet" this projected con Aption--when it uses -the projectionsls targets,
it is carrying out a pol.,icy whose mesago is as follows: suffiOent energy.
must5be found so that it will be' cheap enough to enable AmericaAs to.colsume
at the projected levet. 4

SOME RECENT INFLUENTIAL DEMAND PROJECTIONS

aspect of these demand projections has been seen in
operation in an ala t reaction earlier this year emplia5.izingall out

23
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efforts increase domestic energy supplies.*. It seems important), therefore,

to anal ze:the projection On which those wero_based;according(to the criteria

Outline above: ,,This is the projection of U.S. -e7i--letgy consumption to the year

2000 o.A the/DixyLee Ray Report, The Nation's Energy Future, (Dixy Lee Ray,

1973) and.other. documents.
.

The major input of information to this panel on national administration

policy concerning supply. and demand ,has beon-..the Decefmber 1973 report, "The

Nation's Energy fiiture" (Dixy Lee Ray, 1973) -. This.docuMentYeCognizeda

large gap between projected supply ancLdemand and proposed a major research

and development prOgram aimed principally at increasing energy supplies, its

stated purptise: recommend the national energy research and develop-,

ment program needed.to regain and maintain energy self-sufficiency." (Dixy

Lee Ray, 1973, p. 1). Early in 1974, this program was widely referred to as

"Project fndependenco:: Background Paper,"_(FEO, 1974) and*President Nixon,

speaking before, the Conference of Young R4ublican Leadership on 'February 28,

1974 stated
,

9

"...The4 major point4 would make with regard to energy, however, is
3o-

this: You have heard about the big'Governmemt program we are going

.to have: it is necessary. We are going topyit $15 billion from the

government into developing our energy resourcesover the next 5 years.

We call it Project Independence for 1980."

The FEO "paper, like the Dixy Lee Ray report, redognized large gaps between

projected supply: and deMand and Made-recommOndatios-Tor research and devel-

opMent-aimed at markedly increasing- ,domestic energy production;N s well as

deceeWng energy use growth rates. o

0 1

As this panel's report was undergoing final editingi.n November of 1974,

the Federal Energy Administration (FEA) released a lengthy document entitled,

"Project Independence." (FEA, 1974). Unlike the previoUs.decuments mentioned,

this report does ,not make' recommendations, but rather analyzes in some 4

detail many asOcts of the U.S. energy situationouqiler several assumptfOns

of world oij pricos,and posbje;U.V4ctions iinvolving efforts at.increas-

ing,domestic supplies.as censervi4fueTs. Although the panel.-has

not been able to _consider thiS'49docurriont im any detail,/it appears that'-the

PEA has' made a much, more borough analysis of the demand question than did

the Dixy Lee RayMITicarld in fact may have anticipated some ofthe recom-

mendations. made here.: to, tKat.ektent, it is hoped t e reader familiar with

I the FEA - document -will consider those of the panel's ecomMendations which"

coincide with its findings; as supporting of these indings:. There are,)tow-

evet,,many matters oomidered heTe that: do not appelar.to have been taken 'tip

by the PEA analysis
0

wewduld hike-to notethat all reference 'in tOs panel's report

tq "current natioTtal policy," or "Project Independence," etc. (although we

have attempted to 'replace this latter term Wherever'it.appeared) are to

previously recommended Yesearch and developMent programs (and other measures)'
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The foVecast places annual U.S.'gress energy consumpt.
194,000 trillion BTU's by the year 20.00,- nearly three time
trillion BTU's consumption of 1970. 'Thus, throughout the
1970-2000; gross energy.consumption is!expected'to increas
average rate of3.5 percent, compared to arate.of 3.1 pe
year period 1947-1971. Althoughthe main thrust of the D
concerns the period of 198D (the desired date. for "In pe
that forecasts to the year 2000,are -fundamental to tion
1980 goals.

le discussion, of energy consumptiOn and dema d,in
sources: a Department of the Interior Report (Dup ee an
past data, and a Joint Cbmmittee. on Atothic Energy_(JCAE)
for projections through the year 2000 The Dixy Lee Ray
near intermediate value of the several Projections (incl
,Interior report) summarized in the JCAE publication.

:-. Although neither the Dixy Lee Ray. nor JCAE reports iscuss population
projections in any detail, the latter-doeS' refer to the ureau of Census
series 1:c15" and therefore,sUggestsa value of about .285 million persons for

n forecast for the.
tean.implied per
compareOto-a 1970

er capita cOnsumption
forecasts,*we.find it
changes that are

on at about
the 68,810

0-year period
'at an annual

cent for the 24-
xy Lee Ray 'Report
dence") it:is clear
taken to reach the

t e report has. two
West, 1972) for

summary. (JCAE, 1973)
projection uses a
ding that of the,

the year;. 2,000. Cembining this with the energy consumpti
year 2000 of 49 x 1018 cal. (194 x 1015 BTU),'we calcula
capita consumption 'of 170 x 169, cal. (680 -million BTU's)
value of 108 x 109 cal. (429 million BTU's). Although
is rarely one of the variables projected in most demand
a useful one to-consider when quantitatively discussing
expected.to take place'between now and the year 120d0.

.e

Since few basic, data are available in the Dixy Lee Ray report or the
JCAE report, it is necessary to go back to the reports ghat are summarized by
jCAE.if we are to determine "how the prdlectiOns were ob ained. The Interior.
report is typical and yields values* of total ebnsumptio close to'those used
in the Dixy Lee Ray report.

The failure openly toanalyze:coTtionent -variables, Observed in the
'analysis of most forecasts, is apparaAip 'the Interior, rojection, althoUgh
the authors of. this report make 41ear that the.project'on is of consumption,
,not demand. Although the eport states' thatsupply li itations: population
growth,. increased relative prices, GNP projections, anu other faCtors'were
yonsidered in that theSe "...data were correlated with energy consumption and
any.important trends extrapolated..:" it is not clear lot;/ this was done, nor
which were the. .importdnt trends." (Dupree and West, 19721.

i(

(footnote continued from previous page)
made by the federal administraL9pto reach energy s lf-sufficiency. The'
fact that the more recently established PEA has releas-eda_lengthy analysis
of possible U:S. actions without recommendations su gests that the national
program is not yet decided. We hope, therefore, that the .findings and
recommendations here might'assist in leadirig to dec sions for the_nation's
future energy (and minerals), program.

41$
b

284
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This Panel's report, in part, Will deal with a revision Of population

projections for the United States, an arse address itself to a discussion...

of implied projections of per capita,energy.damand. We wish to note again

that per capita consumption is not aVariable actually projected in order to

calculate.total demand. 'However, in that consumption strongly influences

standard of living, or well being, we have found it a useful one imthe impli7

cations of futuredemand-calcuption.
-4Ritt

. .

The.likelihoodthat the population projection mentioned above may-be-too
high-is demonstrated in Chapter XIV.. As will- be,made clear, the population

ofthe,United States in the year 2000 will probably lie. between 265 million

(on the assTption. of a constant Net Reproduction'Rate of 1 between 1970 and

.2000) and 252 million assuming an NRR of 0.9. Allowing for a 15 percent in-

crease in fertility through.1985 and Only then presupposing'a decline.to an

NRR of 1,:(an' unlikely scenario) the projection. would rise to 285

Chapter0III, XV, and XVIargue against as large an exponential in-

crease of per capita. energy demand as implied by the 'interior report or

Dixy Lee Ray report. This argument is based on the, high probability of a

decline in the use-intensity of energy as.a consequence of supply constraints,

continuing sectoral change in the economy, and changing tastes. The.implica7

tions for the Pnterior Report (and a fortiori for the Dixy Lee Ray report)

of incorporating\ch fundamehtal considerations are examined briefly here.

Tile Department of Interior, report states that per capita energy consump-

tion -will more than double between 1971 and 2000- -89.4 - 173:billion cal.

(333.3,- 686.1 million BTU's). Although per capita energye.onsumptiori in-

creased at,an average annual rate of 1.6 percent:per year between 1947 and

1.971 (although for shorter periods it varied considerably),.the Interior pro-

jection implies average annual increments of 2.1 percehtper year-between

1970 and 1980, and of 2.7 percent per year between 1980.-and the year 2000.

Even assuming no constraint, on,' supply, no rationale is offered. for such-a

marked' increase i en per capita energy consumpfi:on.

A an illustration of how important the assumptions leading to these

figures can be, Table lshows expecte0 total -gross energy consumptiOn for'the

United, States in the year'2000 under three population assumptions: 252,

265, and 285 millions the latter being our high estimate and that in.JCAE,

(the Interior report used a value of 279.1), and fotr per capita energy con-

Sumption figures: actual levels for 1965 and.1970, as given in.the Interior

report, thd year 2000'level implicit in the Dixy Lee Ray report, and 10°

percent reduction estimate suggested as possible with conservation.- Mi.'s.

table thus affords 'a notionCf the nation's energy consumption in 'the year

2000 given projected population changes plus a number of per capita energy 0

assumptions, only one of which is less than actual experience in .1970. Per '-

capita energyiconSumption at 1965 of 1970'levels might still allowi for in-

creasing levels of living that could be brought about through reduCtion,of

energy wastage and higher. efficiency: As can be Seen from.Table

results of'lowering the projected per capita energy assumption.for 2000 from

the level postulated by Interior in its 1972 projection, 'can be spectacular.

'285

A
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"or

,TABLE PrOjected Gross'Energv Consumption in the Year 2000 (in QuadrilliOns
of BTU) for thellnite4 States Uriddt'SeleCted Assumptions Concerning
Population and,er Capita Consumption

ol

Assumed Per Capita,Consumption Projected Population* (milliOns of persons)
(109c'al. or 106 BTU) 252

69.1 o-r 27 4 (1965 value) 69,1

87.8 or ,4 (1970 value) 82.9

17.1 or 680+ (Implicit in-JCAE ) 171

154 or 610 (JCAE with 10%
conservation) 154

265 :285

162\ 174

72.7 78. Z

87.8

180 194

Tota11.970 Gross Consumption was 17.E x 1018-cal. (68.8 513TU)

* The population projection of 252 million assumesaa constant Net Reproduction
Rate of 0.9,from 1970 to 2000, the 265,million figure assumesa constant NKR-7
of 1 ffom 1970 to 2000, and the 285 million figOre assumes a 15, percent
increase in age specific fertility 1970-1985, after_mhicii-age specific rates

' are assuMeclto.be consonant with an NRR of 1./ All the estimates include a
constant 1970 level of migration

+ The per capita Consumption of 171 x 10 cal. (680 x 106 BTU):was derived frOm
the Dixy. Lee Ray ProiPction5,of_49 x,101871-..--(194-xl.015B7A1) gross consum,
tion and the:jCAE populationTof 285 million

?.

4

Similar Marked reductions in e ctricity demand restating from prob ble price.
increases have been deduced by pman et al.,.(1974).

Returning to 1965 per capita levels of gross energy consumptio \Nand assuming a population of 265)11,' lion, would require only somewhat more
total energy input in the year 200 , than was actually expended in 1970:
18.4 x 1018 Cal.. (72.8 x 1015 BTU) compared with, 17'24 x.1018 (6c 1015).;
Even assuming ayi unlikely increase of population to' Akmillion by; the- year.
2000. total energyconsumption at 965 levels would mean,an increase over ..
actual x-970 consumption of less than 15. percent. The-raNpopulation (252 J

. N
million) and 1965 per capita consamptionrate would,giv,e essentially the same

-total consumption in 2000 as actu 1I occurred in 1970.

At the 1970 per capita consumption, eVel in the year 20001--andapopu-
lation figure of 265 million, the gation's total energy consumption would be
22 _x_1018

cal,. (87.8 x 1015 BTU)--an increase of 25 percent over total ooh-
sUmPtion in 1970. Quite clearly, estimates such asthe-Se ate of a quite
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di ferent scale than the projections of-749 1 18/L. (/94 x 1015': BTU) fot
2 00 by the Dixy lee Ray report. They illus r,te/consumption options with

4w,iCh we have already successfully lived in thOmost recent pa-t, and com-
)ined with realistic pOpulation projections, point to the endrmous importance
of assessing the validity of the assumptions involvedvin su-cal leddemand pro-
jections.

I 288



CHAPTER XIII
GROWTH OF GNP AND USE OF MINERALS

The ratio of materials used per untt'of GNP (e.g. per dollar output,
measured,in constant dollars) has been declining for many raw materials in

the past quarter.- century, although ab;Olute quantities of use haye still been

increasing. In this chapter, We will review the historical evidence on this

ratio (rate of use) and then turn br.iieflY to the question of the prospects

fir GNP growth itself: In brief, the fine of argument will be that economic

growth during the next decades very likely will not repeat the performance of

the postwar era. But evenJOAhe extent growth will ()QUIT, requirements for

many minerars, and eSpcciAly energy, can be expected to expand more slowly

than GNP. A further diminution of demand below the levels to be expected, n

the basis of historical experience would be likely, should the recent steep

rise in relative pricOS for minerals be sustained. N

RATES OF USE

As societies grow, it is possible to distinguish two ways in which they

modify their use of minerals. First, demands for final consumption change

the total.compos4tion of gross domestic product. In rich lands, the-relaktve

exioansion of the services component of gross product will lower,,on the I

whole, the :rates of use for minerals. In poor :lands,'modernization and

increased per capita income tend, to raise the use -intensity for minerals.

Second, mans capacity to innovate means that technological progress

will serVe to lower the rates of uSe. Throughout the world, we may expect

the trend :reflected ,in the United States' experience: smaller .inputs of a

.
miper4.1 to accomplish essentially that wnich required larger inputs earlier.

tta,
What actually has been the observed relationhip between materials use

and the total outpuv(GNP) to which they contributed ?. From,1930/34to 1951/

55, the amount of energy used.per GNP dollar (t971 prices) was reduced by

20 percent (Sun,Oil Company, 1972). Clearly, U.S. energy use was growing .

less rapidly than was U.S. GNP. For the period 1951 through 1959 the. U.S.

Z75

289
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4

income elasticity for ,energy use was less than 1 (actually 0.89).* That
relative- increases in energy use were less than the rel*tive increases in
income. .

At the broalost level,_as U.81,, per capita GNP expanded, the value of
total resource use--minerals, lumber, agriculture - - relative to total United
States gross product, declinedfrom 36 percent in 1870 to 12,percent in 1954.
from 1920 to 1953, thelMierals share alone declined by 50 percent. During
the decade 1957, to 1966. industrial production.increased by 57 percent wheteas
the use ofimportant,minerals expanded.by well under 20 percent (copper,
18.6 Percent; steel, 16.4 percent; zinc, 4.2 percent). During the-same period,
hOwever, the use of alloy steels increased by 4,0 percent; synthetic rubber,
82.5 percent; and plastics', 240 percent. Since 1900,, the efficiency of.coal
use has also improved markedly; one-eighth the amount of-coalcrequired in
1900 is now needed to generate .a kilowatt-hour of electricity.

While energy use grew at a lesser rate than did- total product, it still
grew at a- more rapid rate than did population; U.S. per capita energy con -
sumption increased at an annual average rate of growth of just under 2'percent
between 1951-55 and 1966-69. But4he important point is that even before the
days of recent changes in the price and/or availability of energy raw mate-,
riaisl, the forces of economic change were apparently working to lower the
rates with which the U.S. economy used many raw materials and energy.

.

.

To be sure, ,there were short-term fluctuations in use rates. There was
a rapid expansionin this.ratio for energy in the immediate-post-World War II
years after 1945, but the downmard pattern was again resumed before 1950.
Similarly, the years .4969 72 reflect another reversal to increased use of
total energy per unit of GNP.** This was a perioewhen energy prices moved
down relative to other prices; it was also a period of intense business
activity to expand consumption of energy-7Using appliances, it was a period. of
large investment in air conditioned structure--both commercial and residen-
tial,

One decisive element in the declining rate-of-use pattern in the U.S.
is the changing compoltion of. our. GNP. Demand forces have moved our economy

\

.. 4

*por opiel' major materials, the same phenomena' are revealed in Ithe U.S. data.
-Thus over the same yearS,,income elasticities were crude steel, 0.67;'iron
ore, 0.38; refined. copper, 0.65; zinc, 0.58; and sulfur, 0.94. Exceptions
are aluminum and fluorspar, where only rates of increase have declined ' '

. arkedly over the last decades.
. ,

''

*Thus, the recent Ford Report (1974) shows data for 1960 and 1968 which re-
fleet the downward movementim uSe:intensity. But preliminary data for ,

4'02 (p. 42 Of,the Ford Rbport). suggest higher intensity rates than in 1964.
See also Sun Oft Company.(070):

.
,

,

2.j0
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00.

,toward intr. servi e output relative to a, More goods output. This has, bp,;,the

whole, resulted I a shift to a less energy "intensive sector, especially

;when comparison is made betweeri energy use over decades* ,

Similar sta
aPthough therb
other forces th
USSR andCanada
recent decades,

and perhaps tem
changihg compos
'developing nati
elasticities
continue so.

ergents pertain for other rich iands in'Europe and elsewhere,

o specific exceptions which can be explained in terms of

n consumer demand fora changed structure of &R. In the

r'iCh lands where new'industrializatioW was widespread in

energy intensity has-been pushed:up, although*modefately7

)orarily. In the world's, poor landon tIi other hand,.

ition of GO refrects the new induStrial emphasis on the

ns, Rates of se of energy are still increasing; income

e much. higher./han-iri%the rich lands, and. can be expected to

Relevant data are shOwn in Table 1. Over any'long growth cycle from

pool' to rich nation status, the Use-intenity Of/important materiaLs;,May be

TABLE 1 Total Energy Related to,CNP.
4

4

A. World 1760 1780

B. U.S. 2160. 2070 0.89

.4

C. Other Developed Lands .1940 2100 ° 1.18 , \°:

A n , i \..

Intensity of Use\
1000 M.t: per $ b'illiorI GNP

(1971) prices]
1951-1955 1966769

Income` Elasticities

1951:55 to 1966-69

1.03

Western pirepe 160D .1420 0.78

Eastern Europe 2430' 2330 0.87

USSR 1890 2130 1.23
/ ...

N,,,

Japan 1600 . . 1290 0.7

b.

. Poor Lands 872 142k - 2.28

China 1280 3080 4.16
,--,

Source: Malenballm, 1973, p.

*Even a 1960 and0968 use comparison shows energy in industry and transpor-

tation rel'atiyel smaller,with commercial and residential uses relatively'

higher (Ford F tindatioli, 1974.)
Aro-
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expected tb show an increase du ing early years followed by .a flattening and
decline later. When nations pu h their economies to,modernization and in-
dustrialization, their use of M'terials and-energy grows more rapidly than
their total national product. ealthier, nations ease off in' such inputs,
relative to. GNP growth.- While he turning pqint.cannot be precise; past
experience suggests it, falls.. in the $2,0007$23500 .GNP'peF capita- range (1971
priCes). Such a generalization shoUld.contributeto retevant hypotheses for
materials use in future years 'n, different parts of the world..

.
,

'While poorer lands tend t.6 have levier rates of use than do richer_lands,
such interregional differeDces' depend- morepen the specific characteristics
ofindividual economies.

. Thus, Japan's rates of use of energy tend to be
htgher, at any givenleVel'ofCNF per capita', than are those for Ww.stern

.European lands. While Table i suggeststhat poorer lands-tend to have lower
intensities of use than do .richer lands,'','the.GNP-materialS relationships
among nations is Dot easily generalized. Rast records indicate the-intensity-
level for each nation, but we can hypothesize_ only on its .future time,pattern.

Another interesting angle, on this proE.em can be explored by comparing
the ratios in different countries: As shown in the chart from Scientific
American, September 1971 (See next page), there is considerable variation in
the ratio for different nations. T,he United.States- d.s fairly typical, with'a
value.of about 417.00 perm Mon. BTU. The Soviet Union is not as efficient,
with about $12.00 per milli n BTU, while South Africa manages -only arOund
$8:00 per million -BTU. So, even limited to technologies and prices currently
in one might, for instance, a gue the possibility of the United
States doubling its GNP without incre ng its energy consumption (by attain-

,ingua 'atio similar. to that ofNew Z aland, brut at higher absolute values).

.THE PROSPECT FOR GNP GROWTH

The GNP growth, rafes of the two deta es 1951-71 (T4 2) 'for the entire
world, or for any major regional compenen , exceed sig ifiCantly the average
growth rates, for any, twenty year span prior tolthiperiod. Today, moreover,
the World encounters new problems of inflation with unemployment and of inter-
national Monetary instability. It is struggling with short-term materials
crises. The long7term outldok for rapid progress seems less. assured than
might have been projected a..few years, earlier.^Given.these special circum-
stances, it thus seems most unlikely that the unusual levels of 1951 -7.1 will
continue for the rest of the century. Rates of ecohoMic-growth,in the world
as a whole, and in very important componentareas,. canj)e expected to average
below what they 'were in the. two preceding decades.

1
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Rough'correlation-betwaan Per .capita'-consumption.of energy- and gross

natiopal product is seep' wnen the. two are. plotted together; fn general,.high

per capita energy consumption is a Tterequisite for high output -of goods ,and

services. If the position plotted for the U :S. is considered to establish an

arbitrary some countries fall abOvd or below thatline. This appears

to be related to a country's economic level, its 'emphasis on .heavy 'industry

or on services and its efficiencyin converting energy into work.
it

Cook (P971): The FloW of Energy in an Industrial. Society: Copy

right Septembe 1971. by Scientific American Inc. All rights

raserved.
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TABLE 2- Gross Domestic Product 1951-1971
(1971 prices)

. A.

B.

C.

D.

1951-55 1971

Annual
Rate of
Growth (%)

' 1951-71

World

GDP (Billions $) 1689 3810 4.6
Pop (Millions) 2677 3784 1.9
GDP/Pop .($) '22. w 631 1006 - .2,6

U.S.

GDP 579 1050 3.4
Pop 163 210 1.4
GDP/Pop 3559 4997 1.9

Other Develop d Lands

GDP 820 2095 5.3
Pop 744 914 1.1
GDP/Pop 1102 2292 , 4.1

Poor Lands

.GDP 290 665 4.7
Pop 1770 2660 2:2.'
GDP/Pop y164 250 2.3

Source: Malenbaum (1973) p. 11.

At least in 'industria1 countries, economic growth appears to have lost
much of its magic as a national goal:. Should conflicts with different goals
come up in the future, growth cannot be expected to win out as easily as it
has in the past; This statement applies in particular to those GNP.compo7
hents that are capital and materials intensive andplace greater strain on
natural resource, (through exploitation) and environment (through processing),
than do laber intensive components. The apparent physical limits to the ex-
pansion of Material§ Production, as documented in Sections I and II on
Technology and Supply,must also be considered in assessing the prospects of

Because of the reat extent of uncertainty we offer no quantitative
forecasts of future GN levels, but rather point only to the biases inherent
in an extrapolation Wpast trends of both GNP and minerals use into the
future; as ,is common i most projections analyzed.

29 it



CHAPTER XIV
NATIONAL AND INTERNATIONAL AMOGRAPHIC TREND: ,THEIR RELATION,

TO THE DEMAND 'FOR MINERAL RESOURCES IN4HE UNITED STATES UP TO
THE YEAR ,20p - -

.

AssUming, as most projectors (1, a continuation' Of the positive elatiOn-

ship between consumption of Mineral resources and population growth4n the
U.S: the latter is an important factor in considerationstoncerning possible
future consumption-ofmineral resources. Since the amount:of.mineral re-

sources on the earth is finiteis distribute4.atound the earth in a partie-

ular'way, andoitb varying access, the availability of, consumption of and,

demand for mineral_resources in the United State's will depend also on'popula-
tiongrowth trends 4n-other 1)*ts of the world,

The current socA-econoMic.and.demographic fituation would indicate that
U.S. and "developecr!celiintties' population growth,trends will, be reasonably

s
slow dpring the fOreseeable futUre.

Va.

For the U.S, in 2000, an a6ceptable:estimatg would'iie a pgpulation in the

order of ,10-25percentlarger than at present as a result of "natural growth"
(births minus deat410.:'Assuming a continuaeion,of the stable-imigration-

levels of the last twwdecades. (about 0,4 millioh:annUally), the range esti-

Mate would be increasec,to 15-35 pettentaboVe the 1970 population size.

Population growth trends could .be influenced somewhat. by regulations con-
.cerning international migration., and by attempts to Modify fertility via.

policy measures.

The population growth trends of the developing countries are likely to
exceed considerably those of the,United States and the other developed coun-

'tri:es.. It is'by no means unlikely that the popUlation of the developing

. countries will almost dOuble by the year 20(107
0,

U.S. POPULATION GROWTH-:- CURRENT AND PROSPECTIVE
4

Factors Affecting.Population Giowth Mortality anl Fertility

The 'mortality decline seems to be slowing down; thg,ou tlook for thenext .

decade is a slow further mortality decline, Or, a practical leveling off of,

life expectancy, even more for men than for women.
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The fertility decline of the-past 15 years has continued in 1973. The
crude birth rate is now around 15 and age specific rates are below.replace-
ment levels. What will happen.in the next several years is questionable,
but fertility rarely proceeds'in drastic jumpS,ftherefore a further moderate

\.. decline, a small increase, or -a leveling Off. (hot excluding theloossibility
of minorpuctuations) are, likely. .

k
AW4 ..

Socio-economic influences that militate against a rise in age specific .t
birthrates are he continuing inflation whi9h,.at least in the short run,... ..,

could lwd_couples:to attempt to,preVaitan. erosion oft,theirjeel of living
ti try postponing childrearing;_ recent impaired employment and occupational :

.opportunities.foryodng people.Which .a±e'sexperinced,aS relatively painful .

because this.genexation was brought up in parental homes of .unprecedented
affluence.; a probable increase in.femalelaborfOrce:particiPation possibly
at becitpational levels-that are more demanding than the typical-VfemAdo"

: occupatiOns,of the past; a rise in the, education leveL'of'the population
which leads to more informed ?decisions concerning .reproduction and greater

,

potential costs to. young parents for having children; and the greater variety
of effective techniques-of fertility cnntroi now available, including "back-7:
up" methods such as abortion. .; .

.

...

On the other hand, survey data show that few young people desire-to be
-childless or, haye only one. child. Marriages.and births are quite possibly
Qnly-being postponed.- Sin.ce-there.is by now a large contingeOt of young
women who have not,yet had,the. number. of-births that surveys show young

.

.0: ,,,..
Americang want, childbeqring among these grown-up cohorts of."baby..boom"
'babies could augment the crude birth rate quite Substantially.. I', in addi-,
,tion, younger"women started 'to, marry earlier alla havechildren at more youth-
ful ages, the birth rate. 'Would receive an additional bbost. Thus, changes in

. timing and spacing "'that may Seem nuite negligible to ,,the individuals involved
can cumulate into substantial effects on the.Crude bitth rate. Relatively :,..

late childbearing of women currently in their early twenties coupled with
possibly slightly earlier childbearing of women currently in their, teens
could. lead to a. significant increase of perigd fertility above replacement.
level in the late 1970s or early 1980s.

International Migration

The legal flow of migrants in and-out of -the U.S. under_current".condi-
tions results in an average annual net gaiji of "close to"400,000 pebple. If

this flow were to be maintained, with roughly .its presentStructural-charac-
teristics, the future sizeof the U.S. population-in the year 2000 would be
only marginally larger than without 'immigration (at the most:about 8 per-,
cent larger). Since, however, the growth of the. total U.S. population duF'
to natural increase by the year -2000 is expected to be relatively small
(i.e.,J10 to 25 percent, larger than in 1970) a 5 to 8 percent additional

ainctease due to migration is-in any.case a meaningful part of the total
population increment.

= -A
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Internal Migration
fl

Population redistributi n within the country could alter patterns of

demand for mineral resource . Different' climates have varying demands for

energy (heating, air-condi aoning); the relative location of residence,

place IA work, place of training, placeof entertainment and recreation,'

create varying demands on transportation (materials and fuel). During the

1960s and early.1970s the main. migrational flows have been to.the South and .

West; from metropolitan areas to the Suburbs, and these have been strong
enough to redistribute significantly the U.S. population. .These migrational

flowscould have altered the structure and size of demand for mineral,re

sources. - Howeverithe net,effect may well be negligible Owingtto compensa--

tion effects. For example, energy' requirements for.beating in the North

Aare offset at least partially by those for air-conditioning in the South.
The net increase of the population in the South and West possibly meant..a .

decline in the respective demand for. resources but the trends of. suburbariiT,

zation and increased leisure time and the developing recreational patterns

go in the opposite directiOn.

1-n'the.future, it is not clear that the recent trends in suburbanization,

will necessarily cottinUe They may even be reversed if families end up by

being very small, married women with' young children continue to participate

in the labor.force at increasing'fates, and costs of commuting becomeseri-

oUsly augMented. 'Under such.circumstances, a reurbanzation trend might

develop, thereby saving :a considerable portion of the energy costs of 'commuter

travel as. well as.chauffeuring by mothers within the suburbS'. /

p.

Marriage Patterns

_Age at.marriage (especially of legal marriages); is increasing: .This

sually lead to later and lesser. childbearing; later childbearing means a

lo ger average interval between generations and thus a slowing down of the

rate of ppopulation growth. Divorce rates are high and -increasing but,

relative to other influences, this trend does not have a major impact on

the amount and timing a cbinbeaiing.
. 4

Prospects for U.t.. Population Growth During 1975-2000

!
.

*
.

In order to arrive at'what. seem to be'reasonable expectations, for the

Upper and lower limits of population growth during the next 25' years,.' we

have engaged in\Varying'extrapolations Of current trend based on the pre-

ceding dikussion of factors affecg_ng population grow . Depending on

which extrapolation is chosen, the'Population of th4 United States by the

year 2000 could be in the order of 10 to 25 percent larger than it was in

1970 (with an assumed 0.4 million annualnet ipmigrauts, 15-35, percent).
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Prospects for U:S.Population Growth During 1975-200
a*

BaSic Assumption of
Fertility.Trends
For 1970-2000 & Mix

1,
NRR=1.0 (replaceffient level

fertility thrOughout the
period)

NRR=0.9 (below replaceviint
fertility throughout the
period)

15% increase of farti4ty
, until 1085 then repl,hc.e-

meih fertilityL

R.Crriu ation .Natural Increase

Size (in--, 2000 : 2000

millions) -Absolute Index
1970. ''.

Assuming 1970
Levels of f

Migration

2000 2000
Absolute Index

(1970-100)

129

Size- : (1970-100) Size

205 250 122: '265

205

t

Constant 1965-70 fertility 205

238 'ff. 116

276 132

252

285

123

-139

279 ' 36 295 144

The last two rows of ,the table (i.e., those,t at assume (i) afertility
increase during the 1970s and early 19'80s of about 15 percent compared to
the late 1960s (a renewed baby bpoM) or (ii) a Con tant.fertility of the
later 1960s, compared to'actual developments and to' he'outlook for the near
futdte,-dillUstrate situations that appear to be Iner singly unrealistic.
Accordghg to these latter projections the U.S. popula on in. the year 2009.
would be 40 percent orpore:larger than it was.in theYear 1970. Since
neither of those projections are currently materializing, they can serve as
a reasonably ,good argument for'an -upper limit Of expected population growth.
This statement has to be,qualified by the fact that a bab, boom (or "boomlet")
could materializewith a'time onlyby the early 1`80s. If this
were to occur, its on the size of thenpopulation in the year 2000

. would be smaller than:illuStrated'above because of the-tiMe lag and, as a
resUlt\\as well, lesser second,generationeffects.

'N-NON U.S. POPULATION GROWTH. CURRENT AND PROSPECT1

In the developed countries the situation is basically,simil r to that
the U.S., but within this framework there are some interesting features:

O. Many countries have more or les-s effective pronataldst poi'
These have not necessarily increased fertility considerably but migh
prevented fertility froM declining further. Usually countries adopt

' 4 , .
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measures and pursue them vigorously when fertility declines below the re-.

placement
,

.- -,_, _,, N. ,-

placement level. t.
. \ :,...-,.-

,

2. DUring the last several years some countries have fertilitylevels

not only below replatement-buttalso have negative rates-of natural increase.

(both Germanys).

. In developing countries there is considerable regiondland country-by-country

variation. Several basic features"can be summarized as follows:

1. Large variation.in mortality is seen in the developing, countries

but almost everywhere it is :higher* than in the developed countries and

,thus there is\further room for decline, which is universally considered a. .

good thing. :There are visible counterforces, for instance: world food

\\ production 114.4 had difficulties keeping up with populationgrowthood
reserves apse diminishing, there seems to be evidente of unfavorable trends in p

the worl climate; the energy crisis may lead to'a long -term cut in produc-

'tion of fertilizers, although an increase in production is needed.

Possibly 20 million deaths from starvation are estimated in the

developing countries for 1974 over and above the,"naturar (normal) total

of 40 million deaths; this would give a total,of-60 million. The crude

death rate would increase from 14 per thousand pOpulation to 21, and con-

sequenitly,the crude rate of natural increase would decline from about .2.5-

2.6 to around 2.0 percent per annum in the develdping coun'tries.

2. In most developing countries fertility is still very high, higher

than a hundred years ago in the developed countries; the average family is

5 to 6 children per woman (if childless and unmarried women are excluded,

about 6 to 7 children-per family).. To date only in 15 countries

about 90 for which at least rough'estimates are lvailabre).crude birth

rates are already below 30. In addition these particular populations consti-

tute a minor proportion of the population of the developing countries 7 of

these countries have populations smaller than 1 million, only 4 have popula-

tions of.around 10 to 13 million inhabitants. Roughly the same number oil

Ountries have crude birth rates between 30 and 40 per thousand, and since

the People's,Republic of China is assumed to/be in this category, together

with some other populous countries, this category does carry significant

weight. The majority of the developing countries in Asia, Africa, and Latin

America still have crude birth, rates of 40_per. thousand,and more:

3. High fertillity in the deVeloping countries has 'created a so=called

young age distribution of their population. As a rule--to which there are

1'

*The crude death rate might be lower in a particular developing couniTyJas:

a:result of a favorable age structure) compared to the developed countries,

but the age-specific mortalities' are usaally.higher, and fhe life expec-

tancies lower in the:despective developing countries.
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exceptionsever 40 percent-of these populations is, btle4 15 years of u0, . .

over '25 percent is in the youni, childbearing ages of 15-29- and only about .. 4

5 percent of these populations is-older.than. 60.
-; *

-1.-

,
0 . f I

SuMmary of Demographic Situation in'Develeping Countries ;4

The current population growthrafes-are at an unprecedented high'lev.el,
i.e., higher than ever normallyje'xperlenocd by developed s-ped countrile. .Cdrivent

levels anti trendstof fertility,aAU'mortality-together with:the existing '46
, structure of these population provide an extremely high potential for future.
populationgrouth: Consequen ly, competiO.on,with develoiled,'Courftries for
'materials in general.-ancd:for food production in particular,. is likely to
accelerate. Table 2 shows rojected population figuxes for the deyelbping
Countries under the assumptions.of rapid and.relativelysloW fertility .de-.
cljne, together mith figures -eor the developed- eoiatries and the world as a
-whole. It is clear that the presently developed crtintrios. are ;due, to form
an everL4ecreasimgcshare ?vitheugh it must be'borne
in mind that some ofithe Airrently developing .countries .01:1 have beCome
"developed" by t!heyear .200. thereby changing the ratio.

Ind

TABLE 2

opulation Size
. 1970 .2000 205d

Rapid demographic .transition
in developing countries .2.5 4.5 6.5

bir

Developed countries
(replacement fertility 1.1 1:3 1,4
from 1970) .

3.6 5.8 7.9

, a

5.3 11.6

1.1 P3. 1.4

Traditional demographic transition
in dev94oping countridvs
(replacement fertility by 204),

_Developed countries.
(replacement fertility from....
,1970)

World Total .3.6 , 6.6 13,0

.
4Source: (Frejka, 1973).
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InSex of Growth ,Composition
1970 2000 2050 1970 2000 2050

100 180 260 0 78 82

Ireplacementlertility .2901)

100 :118 127, 30 '22 18
1'

100 161 ,220 100 100 100

10Q 212 464 70 80 *-89

:100 118 127 30 20 11

100: 183 361 10D 100 100,

A
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CHAPTER XV
RISING PRICES FOR ENERGY/MINERALS AND ADJUSTMENT TO SUPPLY CONSTRAINTS

. N
There are a number of reasons for past and exPected.increasesin the

costs of mineral, production, The first is the physical characteristics- of'
the resources to be exploited in the future: their concentration, loeption,

,.'..ozcessiBility.. Second, a new awareness by the holders of naturaD resour s
4

'' ''',,af their wealth and its finite nature has taken hold. The third is the

':',

AiMapublic of environmental damage and other ex:-
iprnal, effects. Quite possibly these three iactors,,are exponentially related,
to-xploitationthat'is only 'a small increase in production may,(Nause con -
siderahli increased marginal costs in the form of higher unit costs for
'production and resource owners. rent, and increased costs to alleviate,tham-- '

40l environmental effects. In concert, they may overstrain an already .

i. is well, worth inquiring about the iMplicatiOns of curtailing demand. T e

recent ,precipiteus increase in the relative prices of some minerals'not,only
provides instruCtiVe evidence needed to ,answer thisquestion, it also points

to' its'relevance: the passibility of conUinuously high and rising relative
priteS for minerals.is.'r6a1'.and must be seriously entertained.-

I

We start Out by draWing_Attention'to one often neglected, probable source
of relatife price increases foE-minerals:. the environmental; nd social costs
of extraction and refinement,e then go on to.reviewing some data about,:

elasticities mainly based on the'less, turbulent economic history of the
1960s to be foiloweby an atalysis.of the consumer response to the recent. =

energy crisis. No systematic evidehe,is yet:availabn on the behaviaralN,,,
-response by industry or government to the recently emex4ing constraints,.

4

ENVIRONMENTAL AND SOCIAL COSTS

The assumption of-steeply risipg.costs for minerals/energy-production
is fundamental to: the argument af1g.consUmer response involving reducetr4e7

mand. Much of the argument for such price rises 0ises iS furnished iections 1
arAl 2;by#the Panels on Techhofogy and Supply and lies-outside the.scepe of

this section. However, the influence on prices of external (or "hidden " }.

costs not specifically related to supply considerations shouldtaIso

exaMined.,
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' These hidden-costs are those:not considered in the price accounting of
resource,ex"traction. Although there are equally positive or "benefitt' -effects
involved, our primary concern here is the more widespread negative or extra
.cost elements.

Man
-0
y of these hidden costs are concerned with degradation of the environ-

ment. The-, situation whqre wastes associated with resource extraction mere .'
, small enough to permit of easy disposal no longer Qbtains4many parts of the

,environment can no longer "dispose of ot;"process" all the wastes'they
tec.411717.e, without detriment. The Cleall'Air and Ctean Water Acts have been
the legislative attempt to solve this problem, and the implementation of the
standards hey impose- naturally raises the cost of operation and, inciden--.
tally, some extent the need for energy. This cost is passed on to the .

resource consumers. ASsuming some price'elasticity-of demand, such current
band expected actions should' have an effect in reducing deMand, or moving

i

production to areas. where these concernstare not yet felt.

Direct and indirect subsidies, usually in the forM of "fay-ell-able" tax
policies for partiCular industries, are others hidden costs which society pays
for maiptaining an artificially low price of Selected commodities although
low price may not be the primary object of'the policies. kspecific example

,in the resources industry has been the'depletion allowance, whose,purpose'is
to, compensate In owner whose property must be "used up" to:benefit society.
Without discussing the correctiveness of this compensation, the depletion
allowanCe in effect lowers the income taxes of resource corporations relative
to those-of the average industry, allowing them to market at lower priceS
than would otherwise bepoecessarT. If the consumers of the resources were to
pay the compensation, rather than the society as a whole:the respltant
higher prices of fhe resources would undoUbtedly raise the price of final -

resou *ce or energy intensive goods and activities, relatdve.to other more
labor intensive sectors, and thus lessen demand.

It
A

it far beyond the s6oj5e of this report to treat all such hidden costs
resource industry. However, we will atte9015t an investigation of a

portion sucks costs in the Coal inqstry as akase study whose conclusions_A
Can be, applied to resource extraction as a whole.

.

Coal mining is one of the morkhazardbus occupations: in.our society. It

\ has a high acCident'rate relativetolsimilar work (both,,fatal and nonfatal)
ans/ coal miners are subject to ahigh incidence of pneumocon.iOsis(biack lung
disease). These."persOnal environmental impatts".leadto additional produc-
tion costs, normally borne by the sales of coal, in the form of lost or in-
efficient'labor productivity, industry compensation payments, mine property /
damage, eta-. BUt other costs of-these occupational health and safety impacts
are borne by society in general, in the form of black lUng4compengation belie-
fits ('of,the order of $425M annwally.in 1972); welfare medical expenses:

-(annual public health cdst for pneumoconiosis detection and treatment is
$2 -3M) (Bureau of Mines coal min health and safety research budget is,$27M),
and others.' Finally, miners and eir families:carry some costs in the form

-
Of lost income, increased medical xpenses, etc.

30 s7Th

1.0



O

,.
289

In 1969 the, value of coal p4uction was about $4.5 Billion for 540 mil-
lion tonnes (600 million short ton's) ($7.50/ton), and We may ask what are the
relative amounts of the external costs mentioned above.'

6 I

How to distribute the annnal black lung benefits cost to current produc-
tibn. 1,s not straightforward, since the compensation.is for disease contracted
over a prior perio&-of. time {as Well as for current cases). Moreover; as

mentioned in the Environment and Health Panel's report, it may well be /hat-
the cOmpensation is excessive. A rough est :i.matemight be made as follAs:
For the last 25 years, average.produetion has been around 450 million tonnes
(500 million short tons) for. a.total of 14.2 bllion tonnes (12.5 billion
-short-tons) over this period. The cumulative Mack lung benefits payment- up
to 1972 (before more liberal payment 'require" is were established)-. was about

$1 billion. Thusthe.added costs pox ton of these payments, assuming all ',-
were due to operations over the last 25 years, areV84 pdr ton. The Bureap
of Mines Coal mine:health and safety budget of $27M .(5¢ /ton) and the public
health service sum of $3M'(1/2(t/ton) might also be considered as external

health. costs. These external costs (and they are'not all of those associated
with the industry) add'up to only about 2 percent of the price of coal. How

ever,they are.illustrative of the way in which prices are lower than they

might.otherwise be. Enactment of the Federal Coal Mine Health and Safety
Act is another example of current national'poliey that brings formerly ek-
terdal costs into production accounting. As these costs are .passed on. to the

consumers, we can expect a relative lessening in demand compared to the'large

increases assumed in poputar-vrojections.

There are other anew" costs that are assigned to.the coal industry

and its ;users; such as strip mine reclamation and sulfur andparticulate
emission- control; These costs vary'considerably regionally ifd according to

type of coal.. But, as these costs are being. passed on to consumers,.we can
also expect a relative reduction- in per capita demand fer these causes, corn-

--pared.to the large increaSes assumed in popular. projections.

A crude calculation shows that these environmental costs at the user end

may be puch more striking than those concerned with mine worker's health.

The Ford Foundation (1974) has given a preliminary estimate that not more than

$3 Billion per year would be required for sulfur oxide controls on power
plants .that produce some $4 Billjdn in.danages.' tAing Robinson and Robbins'
(1970) data for sources of.sulfur oxide CMi5SiOf-k5, and those of, JCAE.(1973)
for energy flow in 1970, it is seen that some 95 percent of the o 'des.

emitted by, power plants is from coal combustion. About two-thirds,of tot 1

coal production is used 'in electrical power plants, 360 million tonne's (a out

400 million short tons). Thus, were these controls put into effect, wit a

total cost of some $3 Billion, the costs to the companies would. be grea er-

than that of the fuel. If oil shortages cause a shift to coal for elec rical

power generation and sulfur emissions are curtailed, it is certain-that elec-

triCity prices will increase considerably.

The hidden costs depicted above are peculiar'to) the coal supply.and use

industries. :Me fundamental issue i5, however, applicable to resource
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industries. as a. whole. For copp
ancfenvironWtal effects of cop!
over-use df groundwater taisag a.
areas. Other miscellaneous xamp
possiblejlealth effects of pb.luti
Mercury poisoning in .marine e olog

0

sr, some external effects-ar,e: the health
er smelter operations on air and water,
ricultural costs, and degrOdation 'of 'land
es are smog from auto fuel consumption,
n from taconite mining operations, and
es. .

An example of the effect f to structure on external costs is also Tr)
order. In the years 1969 thr gh 1(71, U.S. oil companies paid of the order
of 6 to 10 percent corporate in ome tax .on their earningss(Steinhart, 1974)
compared to a leVel óf about 42,percent for allU.S.=industry. Steinhartli
Steinhart estimate-that. this meals that the'ayerage taxpayer paid extra taxes
equal to about 20 percent. of his' yearly energy costs (including those used
iii the manufacture of goodshe p )as0d) in order tOunderwrite this oil
&imp, y "subsidy." Were he not in \this. sum in the form'of taxes, and
fuel rrices were sufficiently higher Other things ,'being equal) to Cover these:
taxes,,it is liLlY,he would have ised less energy relative to his other needs
and desires.

:

. ,. in terms 'of
the Mpact on dema

accounting, any or all of/the examp1.. .

policy. It is important: to note th
ety, not be wise to internalize all
ety. The extent to which policy. sh
mentsAlst he infl,denced by politic
the questionolof

r/
decreasing: total de

However./it now seems clear th
towards "full" cost accounting in I
this trend7/ i11 continue, that reso
segments* the economy, and that c
sure towards lowering per capita de
come. /

THE ROLE OF PRI

-The role of price changes for e orgy poses complicated concepual and
measurement problems, stemming both from interrelations othopg-the different
kinds.of ener,gy-with. their diffeMent supply problems (so nu-

clear) and-from the limited inputs o energy into mo
relative

the-inter- .

'mediate (vs. final) nature of these goods. A not 0 relative de line in
realenergy pricesin recent years (1`66 to. 19 seems to have s urred
largbr energy use than income change in :the . would in itself/indicate..

(s e Chapter XIII).- ,

A

t

number of recent analyses of / is problem conclude .ghat demand fofor'

/total energy. is,price sensitive (E Monson, 1974) Price elasticity is in the

//tange df -0.4 to - 0.5 - -a range (t;At includes plausible distributions) be-

tween long and.short-run effect /of ptite changes. This means that a price_

d of including such costs, in production
es illustrate the potential for: future
tit may, in the-best interests of soc:iy
costs of a particular segment of the,sbei-
itld encourage or,regulate such deyelop-
1 and socia.l. considerat s outside of
and. /'

t$-the /United States is,definitely tending
st:,re5qprcefindustries. We 'think that
rce price.s. 041 rise relative to other
Asequently-there will be ,continued pres-
and over what it might otherwise have be-

t
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increas of 10 percent would lead to a rop. in demand of ab t 4 to 5 percent.

The spec.fic calculation. for 1985 silpwe that with the price level of total

energy 57 percent above the r)rices of of r goods (the base relationship is

the price ratio in 1968) and if real GNP creases by 4.3.percent annually

Os .suggested by theCouncil of Economic Ad isors in 1971i and if population
1

grows according to Census Projection 0 (mad - in 1970), total energy consamp-

tion will be. 43 percent higher' in 1985 than n 1,968. This contrasts with

results from the same'analys.ls of energy cons mption.76 percent above the .

1968 leVel. if all assumptions are the same ex t.that real prices-cf total

energy retain their 1968 relationships to othe goods.. Thus, in this calOu-

jation. a relative price increase of; 57 percent thieves ddecrease of some
30 pereeritage.poimts. from the-dtmand to be anti ipated 'without ,the price in-

crease.

More substantial signs of conservation, at east partly attributable to

the Steeppgite inc eases since 1969, have surfa d during the recent energy

crisis 4- Business Week reported on February 2, 1 4 that the nation's use of

electricity.during the preceding three months had been running 10 percent

below, expectations on which capacity planning of ilitieslhad been based.

If-- surprisingly to,many.practitioners in the fiel --higher prices for elec-

tricity will cut deeply into demand, much of the p ned additional capacity

will not be needed if peak deMand changes according y,,as is expected.
\

It would be fallaciousto estimate a composite elasticity figure" from

the various' studies that have been made ,
about the rea tion of demand to price

changes. The strength of response depends not only on the severity and

.
recency of the, price change, but also on, the characteristics-of-6e particular

situation, as defined by the puplic's awareness of the problem, its inter-

pretation as a matter of collective-vs. only individual (see the following

section) and the decision-maker (business or government vs. private house-

holds).*' What has been obserVabje recently is a vigorous adjustment of

mankas both private andcOMmerciX. users become more aware of the price of

electricity. While betiveen 1950 and 1969 the price of energy fell sharply

relative to all prices, this trend has been reversed in more recent yearS.

POPULAR REACTIONS TO THE ENERGY CRISIS

Two drastieally discrepant types of reactions to the price.inCreases and

reduced availability of'gasolino and other forms of energy'can beidentified

under the convenient titles of the competitive scenario and.thetooperative

scenario. The former would be charatterized by a conspicugus'asence of

!

*Elasticity estimates range from between 7.i. and -.2 in the short run (meaning

that.a 10 percent incease in price will cut consumption by only 1or 2 per-

. cent) to long run reactions for commercial and industrial usergtin,the -1.5

range (eorresponding,to a\15 percent decrease in consumption in response'to

/ a 10 percent:price rise).\
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discretionary conservation- -an attempt to .maintain or increase consumption,
despite sabstantial costs in money, time, or convenience.. To achieve a de-

'.
crease in consumption, lines would have to get long and/or prices to rises
drastically. In the cooperative scenario,.consumers would practice conser-
vtion in response to moddsf changes in prices 411A availability.. Scenario I
would strengthen the case of the advocates of supply-oriented strategiesf
Scenario 2 would mean that privatehouseholds are easily activated by both
marii,et and nonmarket mechanisms in favor of conservation. .

The important question fqf policymakeA, therefore, is'- -which is the
reaction? The indicatia evidence provided by the response to the

1973/74 energy crisis.wIll be described in the following sequence,: (a) to
.what extent has energy conservation been practiced? ,(b).-are difficulties
interpreted as a personal or a societal problem? and (.c) are solutions
sought individual /competitiv e -or co]lective /cooperative? ,

From two different sources survey data dealing with the experiences and
reai".tiOns of Americans during the recent4energy crisis are available. There
is first the COntinuous,NationalSurvey conducted by the National Opinion'
ResearA Center (NORC)'in Chicago (Murray et al., 1974a and 1974b). This
institutg has interviewed a cross-section of about 170 American adults weekly,
between -November. 23, 1973 and April 11, 1974. Second, the Survey Research
Center (ARC) of the University of Michigan. interviewed two samples of dif-.
ferent stze--both representa/ive of American adults--with different question-.
naires inW,bruary 1974. The larger .study was a telephone reinterview of
approximately 1,400 people. The smaller study was a personal reinterview of
approximately 250 respondents.

Whereas; .minorityjiad actually'experiericed Shortages by the end'
1 ,.973 conser.Vation at that.point in tiMie,:had been m morewidespreA 1NORC)
Sixteen percent of the respondents reported diff ltyin obtaining elec-. f
tr :icity and only 3 persons out of the106'heati -fuel users had problems
in obtaining heating oil. jloWever, 59 percent of those haying a thermostat

.report adjusting it downward compared with last. year., '75 percent that-they
have reduced their lighting, and 27percent that they'run major appliances
less often. Fifty-five percent, of Vie.driVers reported less car use... These
were answers to a question offering respondents a set of predete'rminedchoiices
for responses. The trend of these, indings is supported by answers to SRC's
open-ended que tion in early 1974;-taked\when difficulties in'obtaining-gasp-
line reached t eir p04.

In answer to the question:

,0 ,-
"Is there any ning tnat you haye.dpne dUring the last
few months to try to cut down on the amount-of ,energy-
you use?"

6 St
about 70 percent of r pondents rep-Ott having reduced driving, 49 percent
temperature in their hmes,. and 35 percent electricity consumption; 62 per-
cent in the secOnd.SRC -ample report adjusting their thermostats downward.
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/
Later on., trouble with gasoline was reported'by a majority of car owners.

Conservation- behavior increased only insignificantly in frequency. . !

over
4

Conservation eXtends'armost evenly over the.whole socioeconomic and age
:,.

spectrum. This is also -true for home temperature-reduction, although the

.

reported average reduction compared to last year is about on6 degree fahren-

heft more drastic fOr.familes with. incemes.of $20,000 yearly and over. that

for thOse with incomes undeii, $8,000 yearly (Murray and Minor,J974b).

It would be too narrow to viethis conservational response to shortages

as primarily a form of price elasticity. The forlowing.evidence suggests

that the average American interprets the difficulties as amatier focol-
.1eCtive, rather than individual, concern.: In response -to a question 'inquir-

ing about the importance attached to the energy problem, NORC produces'the

following estimates:, most important; 26 percent; very-important, 59 perce/t;

not a problem, 8 percent.fThis evaluation has been fairly between

November.and April. The higher the'importance rating, the more likely is

conservation. For instance, cutting doWn on .driving is reported by 37 per-

cent .of those deeming it "fairly important,".50 percent of those saying

!'very important,". and 61. percent of those who believe it is "the most impor--

tant problem in the country." The larger SRC-sample interviewed in February

identified 53 percent as considering the energy problem as serious, 22 per-

Cent as not serious, the rest falling in-between. (In explaining the dif- -

ference, the question formulation' may have prayed a role as well, as the

timing: "serious" is a gore extreme term than "important.'t) From these data

we conclude that there is a great deal of public 'awareness of and concern

about the energy Situation, extending far beyond the impact of the objective

changessalone. Further evidence indicates that the issue, besides being

taken -seriously,is interpreted more frequently as a problem,o:conservation

than one -that. should be solved byAncreasing the supply. In the smaller

SRC survey the'following question(was-asked:

"There have already -been some shortages of energy and
other resources in this country,-and others are predicted

'for the future. In general, do you think mot. Of these'

shortages can he avoided-by new scientific discoveries

or will we have to learn to consume less?" :

Thirty -five percent of the respondents believ,e shortages can be 'avoided by

additional supply, 4.4 percent think we will have to learn to consume less,

and 16 percent plead for both choices. .Technology may help but we still will
y

have to economize.

Trilst in others with whom one has_to shake limitedrsource;s_is the pre-

conditionfor this cooperative solution. The larger SRC survey contains j

this question:

Af there is 4 shortage ,of gasoline, or heating fuel. , or

electricity - -do you think most people will try to cut dOwn

3O7
41"

\
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on how much they use, or do you think most people will
use as much as they want to?"

The vote of confidence in the wording of the second survey is considerably
more demanding:

"If there is a limited supply of something, such as gasoline
or heating oil, do-you think most people can be trusted to
take only)their fair share, or that niost people would take
as much as they couhl get, or what?"

Seventyfour"percent in response to the first question exiect-that most
people will try to reduce consump.ion. But9only 29 percent, in response to
the .second question, think that most people can betrusterto take only their
fair share while 58 percent believe Others will-take. us much.a.s they can get.y
Again, a .thorough analysis of the _difference would\go beyond .the scope of
this paper. What emerges isea spirit ofconstructive.PragMatism,. a widely
but not universally spread belief in the-fellow citizens' responsible atti-
tude toward conservation.

While there is some belief, in the effectiveness of-the Cooperative model,
Cldditional. safeguards are needed where,cooperation does not suffice to over-
come a critical situation. Inresponse to the'NORC qwstion:

"Do yoy think gasoline,rationing throughout the nation
is necessary?"

'bhween 10 and 40 percent of the "respondents at var'i'ous points zing 46 6-
month int9rval answered.ln the affirmative, with the highest pr portion4
reached (n November--when the" oil embargo hit unexpectedly,, blit was not yet
experienced--and again in February--when gasoline lines were longest. The

somewhat more suggestive 811C-question:-.

"If enoa.gh'energx is not saved by voluntary actions, what
do you think should be done?", also asked in February,

results in 61 percent of the sample mentioning gasoline rationing
response to the NORC question:

'1\

"What_three actions woufdyouoost like federal, state,, or
. local government to do in order to cut' fuel consumption?"

04 in

eighty -one percent refer to.speed limits as atleast one of thechoices
followed in popularity by'the improvement of,mass.transict (51 percent),
encouraging car pools (48 percent), and gasoline. rationing' (3percent),.
with the relaxation of anti-pollution standards being mentioned by only 23
petcent.of respondents. The preference for rationing, then, is clearly-con-
tingent on the belief that a serious problem exists. In answer to the

question:A

9
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"Why do you think gasoline rationing is not necessary ?"

seventy-five percent ofthose'respondents who think gasoline rationing is

not necessary answered: ."There is no real shortage."... Only one-third of the

critics of rationing-appear to be philosophically,opposed to rationing
(Murray and Minor, 1974b):

_ In summary, then, these results suggest that most Americans,<-rather than

trying td get more than others, want to be sure they get as much as the next

fellow. .ftationing and speech limits,_inthe absence of sufficient voluntary
-conservation, would be'aetepted in-the interest of an equitable distribution

of scarce resources. Should the market allocate-smOothly and efficiently,
i.e, without steep price increase, this would be the preferred mechanism.

Should this not be the case, the market Solution would not be considered
equitable by most: people do'not want to see those who tan-affotd it get-by

without' consuming less. If otheNcan'purchase more and do "s"±:4there is less

left for me, and I have toNty more'for it. In return- for seeing others

-curtailed in, their consumption, people aPpearjd bembtivated to accept limi-
tatiopsto their own consumption.- But the reVerse,4-.also true: the motiva-

-tiOn for conservation above and beyond Price elasticity is contingenton the

assurance that.the burden of donservationj.s shared by all or mo.st:--RatiOn-

-ing, speed limits, etc., are recognized .as mechanisms for achieving thiS ob-

jective. To-igno7 people's notions of equity energy allocation and to

rely, entirely on the market_ or otherailocation.mechanisms.of,dubious public

acceptance would seriously endanger .the spiritef.cooperation,that emerges

from the data presented.

Let us then attempt a generalization on the'liasis of incomplete data

with insufficient temporal depth. The manifest signs of.behavioral. and.atti-

tudinal adjUstment lead to the conclusion that welfare losses from conser=

vatiom have so far been small: Very many Ahlericans have come to realize that

their use of energy has'been profligate,; -significant conservation can be

achieVed at a relatively minor price-in.terms,of convenience and tomfArt.

All in all the evidence strengthens th case. for management of demand and ,

points to. the considerable prospect of cretionar), conservation in the pri

vatesector. 41e

Yet we must go beyond stating that conservation is a possible behavipr

pattern, and' attempt to specify the conditions under which it is likely to

.'.be practiced. It must Be remembered, that concern and awareness of a'problemK;,-

often represent passing and temporary phenomena. To the extent publicity and

,saliency have contributed to the impreStive mobilization, will the behavioral

, changes persist after the energy probleri has vanished from. he headlines?.

While the energy and materials prdblem may diminish.in immediate saliency, it

is not likely that it,will be solved in the near future In this case, the

sPontaneous,-respectably strong adjustment observed during the past few months

may well ,indicate a pattern for the future. Since the mast important con-

servation decisionsinVolve consumer durables and are made rarelyj'adjustment.

-takes time.. ,As additional appliances come up for replacement, houses for

sale, and as the supply of consumer durables reacts to.the new preferences,

305
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more and more of the energy-expensive bfands and models can beexpected to,
. egive way to the more economical ones.- Furthermore, reinforcement of conser-

*-va.ion behavior through the diffusioprocesses,. social comparison,- and
finally social Ormation is time ,con -Aming, The slow change from the model
3-4 child family of the fifties to the :2-child fmilyof the early's-eventies

. --.
(

C
b
mes to'min& as an example. And finally', the importance of a collecti've,,._.

: sense of trust and purpose must be reiterated. Individual conservation is--,,,
_vastly- more likeTy_ifand when it is perceived as conforming to a commonly :
shared set of values,Agoals, and behavior' pattern.- 'More.than other institu-

. tions, the government is tieing chargedKby the people with the responsibility
of articulating these values, setting/Oe goals, and syeing to it that con-
servation is practiced by all.- ,,

.

(
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. .'. CHAPTER XVI ,

U.S. CONSUMPTION PATTERNS AND FUTURDEMAND FOR ENERGY

I

Do emerging personalconsumption patterns among Americans suggest that,

°dem d for energy is likely to contipue increasing at recent rates until the'

end of tcp century? Although it. is Impossible foris to ptoVide,a definitive

answer to this question, nOnetheless'worth,pointing oufthdt not all

. trends in American Society favot increasing consulliption of material goods.

In,effect-,'.01e-American way of life may not involve an-im utable'comMitment

to consuming ever greater,amounts of energy and miner ls pe capita; hence

conservation, reduction of wastage an4a slower (oirzero)ra e o growth of

consumption'of energy and minerals will not necessarily involve serious-sotio-.

cultural shockg. -In this chapter we shall -discuss briefly some major social

and economic trends that (a) suggest a shift.'4Vpersonal consumption to the

service sector of our economy (a sector that we wil here assume to/be less'

energy intensive than manufacturing) and (b) imply; be use ofShoriages of

time, an upper limit to the desire for consumption.

. ,

INCREASED CONSUMFFION QF SERVICES RELATIVE TO GOODS

T s section explores two reasolisfor believing that Americahg may b-

stantiall incredse'their consumptioq of labor intensive services tqlative o

goods over 'e'next quarter of a century. One-reason relates to the price o

these services. versus goods in our economy, and the other concerns changing

tastes.

In speakingpf the service sector of the economy; we atiAotincluding

0

.

energy-intensive'patts.,of the-nongoods producing sector. That is, following

Victor-Fuchs in his book The Service'Economy we'are excluding transportation,

communications, and public'utilitieleaving as the service sector whole-

;sale-and retail trade; finance, ihsurancei rea -estate,'general government,

and the traditional services such as professio personal, business, and

repair srvices.- This sector is admittedly q to Heterogeneous. however.

Fuchs pointS out that most of the 'industries ncluded. are manned by white

collar workers,/are labor intensive; deal th the;consumer fairly.directly;

and prod he an intangible product. Neverthe esS,we mist note -that althobgk

it is generally agreed the -.service sector as defiled here is less

energy-intensive than manufacturing, ttansportation,,communicationand
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public utilities; research is badly needed.concerning how Much. less energy-
/ intensive setVices are This is especially true since there is a tendenCy

for services to.become more highly capitalized and, hence, perhaps.more
energy-consuming.. ,k ..*

The'price of services xelatike.to goods y very wen go, down over the
next 25 years both because of augmented prod ctivity in the service area,

. and because the price,ofoOods will be more affected by increasing energy
and materials costs`: than the price of servi es

The serVicesector row employs well over halfof. the American labor
force... In contrast to ,the rapid growth of employment in services, the over-,

all,contribution of thiS sector to output .h4;s been relatiVelystatic, owing
verySubStantially to lack of technOlogical innovation, traditional manage-

-

ment practices, and the absence of economies'` of scale. As Fuch has shown,
whether real output is measured in constant dollars; or current dollars,
taking the period 1929t:o 1965, the service sector's share Of/total GNP
changed-very'liftle since 1929. The shar'Ontonstant do9ars was almoSt
eXactly;the,same in 1965 as-in 1929--481.3 as against 48.4: This contrasts
sharply'with the-share of employment 0,the: service sectot'which r6-g-&-vfrom
00 percent to 55 percentin the same period. ,

,

. a" .

'Thus( accordingto,Ahs'the.rise in emplOyment inservices has not been
a response to rapidly rising demand'for services--due to rising incomes and
high income elasticity, lower prices of services, or changingtastes--but
because of "a dramatic difference.in sector rates of change in output per
man" between industfy and the servicel§ectOr. As d congequence,the,price of
services relative to goods imsincreased.krehtly in American society;' giving
rise'to the oft-mentioned "scarcity" of services.

P

A continuation of. such. trends seems very unlikely in view of existing,
,

changes in some *portant aspect of the service sector. LeaVing aside
prospective technological breakthroughs, the application of existingteth-
nology to major industries in the service sector is already taking place;
aided by structural reorganization making these industries more amenable td,
the application of advanced technologies'ancreconomies of scale 'Because
many of these industries are,increasingly,beint7financed"out ktax dollars,
there is a bUilt-in political pressure for higher productivity and:maccount=
.ability:"

The pride effett of increased productivity inthe service Sectorcould be
angmented"by the fact that the cost Of'Produting gopd's may be more adversely
affected by energy and materials - shortages than the 'cost of producing,Ser-
vices, Thus, the prlice advantage that material goodS:11avelenjoyed cOpared
to s eJ.ervicsn the past may seriously undercut both\by'a:/riSein the,

productivity of-servicesT'and.an increase in the materialsienergy 'cost of
gOods. , '

4-

Regardlessof prite changes, kill peop Want to consume more services?
There are some.,reasons forexpectinga shift in taste tO thelservfCe sector:-

1
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the aging of the population, the .increased labor fOrce parikcipatienof

women, and changing syMbols of consumption. We may consider each briefly'.

Assuming a continiation of low fertility in keeping with the mediqm

population-projectionof our report-,-268 millionrby the year 2000, the

American'people would by that date be older than in the current period,

We Would have a median0age of '34 in contrast to/a median age of 28 'ins O.

Thirty -three p
0

Thirty-tercent of the population would be-4-rr-4h4 economically depen- 1

dent category, andyof these dependents 33 percent would be aged 65 and over.'

40y contrast, fn the United Statesin 1970; 38 percent of the population was

in the dependent Cltegory, but.only 26, percent of this aPendency WaS made 4'

.up of aged-persons: loreciver, the population would be on its way to' even

greater aging as it reached a stationary state'early in the twenty-first

century.
i

o

.

1, on balance, it would seem that this shift in the age - .structure of the. -,

depen ency bUrden would entail increased demand, for' services. This may

result inpart because. the health and welfare needs-of the aged are greater

than those of the young. For example,.as standards of health.care rise,

they apply more to the aged than the young since the young require less

Attention to maintain health. An additional factor of importance' leading to ,

the.e4ansion,of services consumed by olderaS against younger dependents iS.

that oider.persons are decreasingly living in multi-generational family units

and increasingly in retirement homes and the like. Children are typiCally

,,.
heused and cared for in families. 0 0

,Another trend in American society,that suggests an increased demands

for services is the greatly augmented labor force partiO.pation by AmeriCan

women. -Whereas between 010 and 1940 approximately 25 percent of womenof

..'-working age were in the labor force,-by 1970 this figure had increased to

over 40 percent,,, kareover, the largest ivicreasmhave been among,, married
1.

women with young children.

A conSequence.of such changi rates and.patternS-6f,,female wprk part i-

ciPatOn iia.major losS within.th6 household of the services of Wives and

mothPs. Even-taking into account that some of these.services'are now re- ,

placed in'the.market by,thevery women who .would have offered thm:on a non-

market basis.4in the_pbst, and'that most women with families bear a

burden" and attempt to keep; up withgtheir domestic tasks, we find ourSelves,

constantly remarking.ion a6solUteNgaps in service that.have not yet been

filled by normal adjustive market mechanisms:- makeshift baby-sitting arrange;,

.ments, .IAchkoy children and teenagers,, lonely and virtually unattended. old '

'people, and the heavy workload and responsibility borne. bq' Wives-and m'thers

in. the labor force.

Although it seems unlikely that the public,sector wioll compensatesfor'r

this loss, it does seemproablethat more.women.will demand services. e

,market,, If increasing pr ortions of'women become earners;.and parttcu

if women -breakoutdf the traditionally low paid women's occupations, there

seems to be a Major Potential for increase-in'services'Ahat will help women
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.1retain a desired kinshilS statusWithout sacrificing their j-8bs.,6r virtually,
all of their leisure time For exaTple,,,it seems inconceivable-that th6,>:
trend in labor force participation among women with young chirldren f,iiil

,

cori=--,
tinue withoUt giu4ing use 'to a larger network ofeprivate:professicirtalniii-7' N4%)
series 00 child-care-Centers. - -.

-

. J : 0
. '7`.k4.:7

Finally, we'mightIpostulate a majOr,shift.of symbolic and,invidlouS,con-
gumption from goOds to serviees. It has long been recognized. that much of
AMericanpurchaslngbehavior is. conditioned bY a desire to use good's:, in
varying manners and to varYing.degrees, as status symbols. Now however,.
increasing educational attainment is wideriinh the range ofalternative
'=umption,sNmbols.:" Moreover, with' goods Widely. availableip the Society,- peo-
ple desire consumptio4 symbols thatOXBress their unique claim to superit

Hiritytypically symbols ',that require The :consumer:to exert. time, effort and
-'talent in-order to acquire them thAs:status Offfereniation.is increasingly.
'requirj,ng,the consumptionpf services rather than goods-- services ,relating,.
to health, grooming, athletic artiStic. and ringuiStic skill$,zourMet tastes,
varioijs kin of particular information+reaS,:and2the-1-iliel P4c*iS;of.

:enterprise in the service seCtor:havdraleady reSpOndedienthusiallhacAtly.-7-

the"beatktr indystrxt,being perhaps one of.t* bestleampleS:Agut;,it is
pOSSible tb,conceiVe,of a boom .in the coMpetilive consumption ofoservices,
at the private Jevl--A boom w6ich. could greatly divert consuMptionjrqp the
energy - intensive goods that we-have been using so lavishly to
status.

0

TIME CONSTRAINTS ON CONSUMPTIO.

,N,Fol- all hUMan bei.ngs.time is nupx.mate constraint. HoweVer, themore
societips move toward gi,eaSh nep "a0a.fhoi more prosperous on a per capita J..
basi;S they..bedome, the more are impelled to put a

'market value on all their time Theycomeoto assess their nonmarket actiV=
ities in terms of their opportunity costs- -.the -market "worth" of their time, ..-

end to place" high value on harnessing fOrms or energy that net thems"atra,
tiMeL.,mechanized labor-saving devi0-,, and the like.- NonethelesS, there is
a,limit to our ability to harness nonhuman energy without personal efficipncy
losses. Our-labor ns-V-i,ne: deviceS Tequiremaidtenance,..-reliair; and storage-.
,Mox,eove'; frequently'theY tempt us4to,augment the :scale or complekity of,lur
mode of life, becluse-efieir use is more &fficieptjf attempted onajarger"
Scale. In thiS manner, it is not difficplt Poor 'individuals to suffer a .

rapid displacement-of goals-.-they spend..increasing amounts* time 0014ed
In the co4u1sions of a system bf activities that 'they originally.embarked'on
.for pUrposes-of saving time.

' =
Equally the enjoyment bfliaterial.possession77for exa e, boats, skis,

versecend hoines,-As 401.l. as the. consumption, of services, req re:person41'
inpUts of time.'I Because of,the highyalue that individual's place on-their
time; Oeylare tempt -ed to. try to do many enjoyable things simultaneously
As Stephen hinder has poihted out in his. imaginative book The Harried Leisure
Class; this effort can get to be more.like work than fun.
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Highly- industrialized,societies,throu0out
the world have in the past

dbehdOCbeen
reacting,against,t),-talled enslavement to market activity,

mechanization, harried rushing, and.material.possessions. This revulsion

would seem to be -a stage in a' learning process whereby.human,beings comb to

terms with the wholly new definitions of time that modernization has created.,

It would appear. that the process Of matureimdustrialization. :is impelling

individuals to metabolize the advantages of modernization into an organized

hierarchy of life-style .priorities,, and that fris, process is..engendering a'

set of self-imposed,limitS. to consumption:- 1"o many peo) , it just. seems

More pleasant to lead a less complex existence than to avail themelvesef

all poSsible "advantages."

Although this trend is difficult to measure quantitatively, there are

significant indications. of changes in tastes that are "simpfifying" in. their

content. Blue jeans, once the badge of .4ippiedom, today make up-a

cant proportion of the daytipe wardrobes of evep the "squarest" teenage girls.

The steadfast loyalty of mo ern 'Iwomen to sports4ear (intetchnngeable "Sepa-

rates" lather than dresses ndeoMplicated "Outfits" suited to limited.

ctively closed down many a'large garment business

1,as virtually. wrecking haute couture. in 'FranCe. .

. .

experience, people-in highly industrialized

it consumption in a ranked order along-
,

6: This process.seemsto be

for expensive material consumption and

that thby will.wishld'go on consuming

places, and seasbv)-has bf

in the nited States, asfwe

In sum, it seems as with

country s are learnint,tolp ate th

with Oiler ways of spending their ti

setting an upp0r limit to th it taste

makes it highlor precariou to believe

indefinitely at an increasing rate'.
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CHAPTER XVII
DESIGN'AND USE OF PROJECTIONS FOR POLICY

1

FORECASTS AS INSTRUMENTS FOR POLICY

As discussed abOve, manyexisting forecasts are of weak numerical relia-
bility: More importantly, they do of make explicit, the implied .conditions
or the scenario tewhich they apPiThence they are of limited usefulness to
guide pOlicy: For policy use, preections should be conditional telling how
the rates of use would vary under different policies and circumstances.

.

The value of existing, forecasts is their 4onsensus that at present rates
of increase -thb "use",Will'exceed the supply of energy. Of course, .in reality
the rateef_consumption_:cannexce4d,the,rata of supply,_so that,thiscontra-
diction in their projeCtions means that, l'edriS-6s etWwi'enchiiig-dislocations
are to be avoided, there is nqpd,to broaden and'deepenjhe sources of supply
and, at the same time, to determine modes of adjustdent in'rates of use which
are consistent, with social objectives of equity, efficiency, quality of life,
and environmental integrity.. Existing forecaSts, then, indicate the
hood of the need to restrain use just as well as a need, to increase supply..

Since precise, fully articulated, accurate conditional f ecasts are not
scientifically, possible,, forecasts which are useful for policy. ust b' con-
Structed to answer particular questions in terms of their varia es, t it
stated relations, and their time scale. In simple terms, the need is not for
an ultimate p"rojection,. but for a set of'conditional projections.differing
among the considerations undertaken and thetime,sPan 'donsidered:

LONG -TERM FORECASTING 1-THE STATE OF THE ART
'

, At present there are two strains of modeling in,.,,Iong*range.forecsting
both highly aggregated ,so that they may be.,..elleditracre_,,fared'asts_hyanalogy_._.
to macro-economics. The first of 'these might be termed econometric modeling
and accounts, for the vast majority'of forecasts. ,The other, ofthere
are fewer. instances, might be termed physicalimulatien modelling. "System
Dynamics" models, such as those sponSered by the Club of Rome, are instances
of this approach.
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The physical simulation models have received considerable public notice,

and have'been muchcriticized by the scholarly community, on the grounds of

omission of important relations and weak factual bases: However, these models.

embody some interesting advances in modeling techniques and. introduce a .

greater, concern for physical and environmental interdependencies than do,

econometric models. :Soule of their more useful features may in time beoreCon-,

,cjled with the more established econometric Approach,Apoth in terms. of the

numeriCal.- analysis of dynamic. processes and-of-the consideratton of physical

-relations. .

Econometri modeling is a widely practiced activity in many areas of

forecasting and olicy analysis. Energy studies have remained'an underde-

veloped provinc within this technical approach. Until recently, for in-

stance, there, ere no estimates of the pricerelasticity:of the:demand for

gasoline, and the few recent estimages are crude and, tentative. Further,

:there appear§ to be little exploration of income elasticities, cross-elasti-

cities!or technical,rates of substitution, of the characteristics of derived

demAnd, or of identification'of the set of functional variables.'

An ideal forecasting instrument would Consistof,a large number 'ofcare7

fully calibrated numerical relations representing well-understood individual

and institutional behavior, technical factors and advances, physical, and

biological -relations; and the responses to policy alternatives* A model sUqb

as this would ideally be linked to a comparable model for supply- or produc-.

..tioa;,...whieli..mould tell, .us,' at iSxpossibie and .how it is possible:- Any fore -

cast of_demind (use) Willdependonassumptions about SUpplY;- whetherthe-

_.
-depend upon demand. ng scarcity Produces higher. 'Prices and public"
aremade explicit or 001.. C;OTS-0y; supply a_considerable_degree

action, supply Will expand in -many ways, inclUding the exploitation of re-'

sources previously too 'expensive and the development of new sources through

investment in science
,

-\

But the vision of such an laborate forecast ng system is patently be-

yond the capacity of our presen theory of facts.' Given our present level

of knowledge, understanding of ariables and their 'nterdependonce' and un-,

reliability of data, it-must be judged that-any attempt to construct such_an

elaborate model Would fail. A icto-model which tried- to,nclude a great

\ many variables. might.be'no bett r and perhaps worse-thanpreseIlt macro -fore-
\

Acasting
models, hoWevercrude.

.

\
\,

. FOr all of that; the development of such models is well- worth under,

'taking, recognizing:that-it wil be'a-slOw and expensive\process,'involving

many failures as the cost of so e successes,.. In this respect, the develop-.

of such.models would be co parable torother forms of capital investment

in the'energy field, being, slow to bring into line, expensive, and involving-

-intelligent risk - taking. HoweVer, well before such fflodels. could:be used with

confidence,for numerical prediction,- they should .be extremely useful to_help

in the understar)ding of the complex interdependencies of the energy gystem..

,In'brief,.then, it is not realis is to expect dependable longrun modeling

for.Many years, but it. seems adv'Sable to begin substantial investment in

,J04
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type
.

of.modeling, pleferably initiated simulta ously with diffent
scholars in multiple institutions, recognizing that the payoffs will be
gradual and developmental.

-
THE DILEMMA O FORECASTS: THE NEED FOR POLICY FORECASTS

The.market, as an. automatic self- adjusting mechani4m, functiOns best in
situations when the rates. of adjustment to change are relatively fast, or
when there is.high predictability or reliable forecasts of the longer term,
future. Neither obtain in the case of energy; hence the need for public.
policy, and intervention.- 'There are long! lagS in response., On the-supply
side, bringing in additional capacity within existing technologies or bringing
in new technotogies are very slow processes. Less often recognized, there.
are 'IOng_,lags on the demand side'as well, involving, the turnover or dodifica-
tion of vast stocks of capital in housing, transpOrtatiop, and industrial,in-
stallations. Coupled with these slow rates of adaptive `response, there 'is
the patent difficulty of reliable ldng7rangeforecasting which has been di2s7N
cussed. The dilemma is that.we need to see ahead,'but that we do not know
how.

0

the way to proceed In the face of this dilemMA is not, as is sometgmes
done, to pretend,that the problem does not exist.--either by relying en'auto-
Matic self-correctinglarket:processes or_byPetending that projeCtions-can
be'made of a transparency and accuracy yhick are clearly beyond present scien-
tAric capacity. To-apply'the Best intelligenCe:Within the .cOnstraintof
reality, it is;necesSary to understand better, the uses and possibilkties of
demandprojeCtions.

The immediate peed is for the development of Capacity to do short- and
medium-range policy projections. Such projectipns must recognize that any
possible future is conditional Upon. a host of circumstances, ranging from
the structure of nature to historical accident, and including the policie,s
chosen. At the same time, since precise, fully articulated, accurate condi-
tionalforecasts are not feasible, there need in policy formulation for'4
series of partial forecasts constructed to answer particular questions. The
variables, the -specified relations, and the time-scale will depend upon the
purpose: In the most sophisticated ones\,.the probability distributions of
costs and benefits will be considered forchoosingpolicies.

It must be-recognized that there is today little competence and informa-
tional infrastructure for Jhese policies with respect to energy questions.
But there are a large number of technical approaC es developed for oherf
policy fields which can be transferred. The need, then, is to begin invest'.
ment 'in research d.application, in development of echnical:personnel, and
in. institutional de lopment of public agencies for _t e intelligent use of
these projections.

\ These short- and m dium-term forecasts, like,long-range fort.casts, must
be frequently revised,411 the right of new data or new understanding of

'
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relations. Tpo often outdated forecasts become fossilizbd, and are quoted

without reexamination. Whereas lohg-run forecasts serve to point -to prob-
a,Re distant outcomes, short- and medium-term forecasts are used to modulate
policy responses, responding to re ent information and to the feedback from

prior policies. Thus, long-run for casts serve as an uncertain navigator,
while short- and medium-term ones :11 ction a.."'--._

\

s the'steersman.

SIDE EFFECTS AND PUBLIC PARTICIPATION

re. must( he stressed that conditional forecasts must be particularly;

concerned with possible side effects of policy or of changing circumstances,

as well as with the direct effects. For instance a doubling of gasOtine

prices may lead to.a given reduction in energy consumption', But'it May have

important secondary consequences, such as a substantial sudden -Toss in value

of suburban property, or _the going under of many family farmSthatdePend on

long- distance commuting to jobs in manufacturing for suppleMentary'income.

Such shocks and stresses may be more importantjhan the eventual form of the

adjustme6, not only because of national concern with equity, but.also bp-

:cause as was demonstrated during the 1973-1974 energy', crisis, those who feel.

.

themseives..disporportianately affected may expre§s their grievances'in foxms

highly disruptive to the Society:'

'The low capacity of technical planning to antic,ipate these distributive

effects, an& the fact that many problems in.equity; are pot subjectAo tech-

nical.solutionead,.ta two conclusions. ,First, that the process and-f4ndings

Of technical analy is' must '66 made as intelligible'and widely avaiJuagle-es

possible, so that d verse sectors of the public and the onomy may under-,

stand and judft prospective impacts on themselves and make e--themselveS heard:

in the democratic proteS's Second, that since the issues and:tonsequentes

axe novel; efforts shosld be made to facilitate such participation by sectors

of the, public and the economy ig_the-interest both of,supplementing the
limited capacity of technical OalysiS and of providing a forum for the neces-

sary transactions and compromAes among these. sectors. This Wijl'require such

struments as hearings, advisory commissions, and coordinative councils of

rest groups; and may require new re.§oullcesof political and legislatiVe

iveness. The alternative may read to acrimony, divisive conflic.t.and

on, and'functional vetoes and pOssible threa;s:AO the civil order". , -'

rt
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CHAPTEVXVIII
CONCLUSIONS AND RECOMMENDATIONS \

CONCLUSIONS
,

. As discussed at some length above,,me concludg that the demand projec,::
tions forming the baSis fOr current emphasis;on laS ge increases- ip-ener y

.'

supply are likely to be much too high for Condifi s-that might`be-expe) ed H -
during the next.25 years. Thisstems.froM4the comM1 e's'findin-gq, recently,
supported by others. (Chapman and Mount, 1974) thatthesesTopulardethand pro '-

Sections are exaggeratkby .assumptions concerning the continued chepnesS of
,enetgy and minerals thatseem unrealistic for the foreseeable futa.e. Be-
cause of the many shortcomings of.current forecasting data and tech ques, we.
are not able to quantifY:, how-Much too high these. fOtecasts may be.

Dtmane-Panel'-s.:overPiding conclusioni6,7phat aal-out4ffprts in-
,.crease supplies of fuel (and minerals) in 'order to tio.e the gap between
popular demand and supply projections are-misguided% and. wily place. an Un,-
necessary hardship on the nation'. A policy that.forces the nation to under -

:take- extremely rapid-.development of Isnown. energy Sources in order to match
demand projections that have been based on price trends that appear unreal-
istic for the future can.also generate the demand ('r example by °keeping
prices artificially low through asubSidies) to use-the supply. In this.sense
the demand projections can become self-fulfilling. We believe'that policy
should not abet this,outcomewithout grave consideration of the various
costs involved. In view of the findings df other panels t at supplies for
the long-run are limited; that technology can provide only imited solutions,
involving long lead times for their implementation; that gto th in use of
materials and energy is causing crucial environmental problems; this panel
believes. that_policy should -support social trends tending toward a lesser
rate of consumptiop0---.Vnergy and minerals, incorporate the long-term re-
placement/costs-errexternalities involved in extraction and ,use, and.. actively
augment measures designed to curtail wastage insofar as..theSe cannot be
ciently handled by the.price mechanism. Such a policy would` be Pn_essential
anticipatory measure to revefftthe disruptive adjustment_ processes. likely to-_,
relsult from sho a 1 of supply.

320
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RECOMMENDATION

0-search and Information

1. Means should be taken to improve and require

tematic collection and analysis ofyinfoi,mation, and to

4mplement a more effective organization of government to

make, use of. this information in order to anticipate contra-

dictions \between rates of use and supply thesA functions

should nol, be limited to agencies within the executive'

branch.of the Federal GovernMent, but effortssuch as the

current survey commissioned by the Congressional Office of

Technology Assessment,' should be supported and augmented as

a basis'for further effort in this aria.
\

2. Greater technical ability should be.developed tog

make better use-of data and iriformation'in conditional and

policy f5recasting,.particularly short- and medium-range.

Important aspects would include consideration of diterna-

tive circumstances, policy options, and their direct and in-

direct social and economic effects. This willrequire the

development of' institutional-capacit9 to generate and, use

policy forecasts, and substantial investment in applied'.

\\ so ial science research in appropriate institutions to de

veto the needed techniques.

Recommendation

1. To the degreePosSible, policies to modify d4.-

\mand shoiad- 'd signed to function through the market

echanism rather throu h direct governmental con-
l'q

6,ols and allocations. Th s reliance on the market re

quires policies which i'wrove its functioning in terms

of supplY\prices which f lly-refiect costs and in terms

of improving the information on which decisions are made.

More specifically: (a),Legislation and regulation should -\

be,designed so that supply prices fully reflect produc-

tion costs. This might include taxes or side payments'

which bring the cersts now being imposed on others without

5ompensationwitlan the pra4cer's accounting. It might_

also include exploitation taxes which in effect mould

bring the discount rate of the market, on which producers

base their decisions, more closely into `line -with tha

social rate of discauntin balancing the .interests of

presentversus future levels of consumption. Binh

measures W,oUld reduce rates of consumption by making

users pay the full social costs of production. (b) It

should be..-,required that energy-consuming products, such

as buildings,automobiles, or appliances, carry when sold,

321
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clear information as to their rates of consumptions effi-
ciency, and other pertinent information relating to okerating,
costs, so that consumers may make decisions based on total
costs rather than on first costs. Informed cons ers\would
waste less.

2. Compensatory programs and prlicie's, and the neces-
sary legislative and administrative basis, should be piVpared
and held in readiness to assist those particularly hurt by
sic den transitions, particularly those arising from public
pol.cy! Those affected might' include geographic-districts,
industrial and commercial sectors, or workers who are laid

, off or experience substantial loss of real income because
of higher commuting,_ heating, and food.costs. The logic of
this recommendation is similar to that of disaster relief ..
programs.

3. Alt elements of Federal legislation and regula
tion shoUld be reexamined to assess their-implicit effects-
on energy consumption. For instance, agricultural 'policies
which 'restrict planted acreage promote the use of machinery"
and fertilizers ;, the income-tax deductibility of-home-owners!'
property tax and morgage.interest payMentcontrasted with
the non-deductibility of rents, encourage low-density urban
patterns which greatly increase the use. of the private auto-
mobile. Such policies, not directly aimed,at energy Orlre
souvceshoald tdke thoe indiivat'ddila6-42-4edes-into

)sideration*,>

4. Through education, publicity, and example, those
habits and attitudes sometimes called a "conservation ethic"
should be encouraged. Although there is a diversity of
opinion as to the likelihood -of major changes, experience
in areas such as public health and traffic safety suggests
that some effects are possible.

5. There is .a strong possibility that there will occur
from time to time "crises" in which a sudden sharp short-fall.
of supply results in severe dislocations without there being
time for the,smooth functioning of the market processes of
adjustment. In' such\cases direct regulation, control, alio-
cationand rationing May be necessary. Insofar as such crises
cannot be'sufficiently'anticipated by earlier recommendations,
thee should be developed and held in readiness a contingency

'set oYprOgrams and policies, together with the necessary
legal and administrative mechanigp. These should be con-
tinually'reviewed and, updated in the Ziggt of. information
gained (se\Research & InformatiOn Recommendations 1.2).
Particularly, there is need to have ire readiness a flexible
.response for those particularly hurt (see Policy Recommendation 2)

la
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Such compensatory and assistance programs are needed not only

for.equity reasons, but quite importantly in order to avoid the

-
rending of the social fabric of which there was a foretaste in

the violence and disaffection which accompanied the rather brief.

1973-74 energy crisis.
411

Recommendation on Supply Policy

Exercise restraint in all-out efforts to increase supply

to levels 'that. could exceed req4-irements. TPas-t ,experience

suggests,that- increased consumption canZe'induced when excess

supplies are available'. This would cause increased degradation

of the environment and wasted ate of Capital, manpoWer, and other

-national assts--assets that the +idtion may well hqve greater

needs for in the future.

0 .
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REPORT OF PANEL ON DEMAND FOR FUEL AND MINERAL RESOU(GES: A'MJNORITY VIEW

Wilfred Malenbaum, University ofPehniyrVahia

4

.,,.4hy a Minority DiSSent? 6

..

This panel,--on_
*

"dethand is ondernea with mineral use (benefit;-gain);
.

the other panels-on "erWironmen ")"resource,assessitent,"'"technolOgy"--L :.. .

-emphasize supp15( (coSt, pain).. e.importanee of close. interaction-and inte-
, gration of the demand side:with the supply side is explicitl. recognized in

the Charge to the:Panel.- COMRATE sought
supply

analysis ofthe U.S.
minerals' position in contrast to the usual analysiswitbprimary,,emphasis
upon the forces of supply.

-

.

,i. .. , _
. - i

. .

This'Minority View bolds that the Report* faiPS to offer a.stientifically,.
valid analysis Of minerals demand. The -Report UseS,a conceptual:framework
not .suitable for assessing the benefitsand gains/ from the use of primary

.

inputs: Withoutthisapproaeh,the Report. can make,no.contribution'onlde n
Its .demand arguments'arp.romantic, not scientif4c, its, conclusion's on deman
are not deriyed from valid hypotheses or statistica,1 relationships The
Report offers its "overriding" conclusions on.janew demand role in national
policy, and.aCtion.N.NThis is an important objeCtive; it is, disserved-by the
technical inadequacy.of the'Report's treatment of demanth

(5 .

.

In broader vein, the present. Report deprives NAS and.COMRATE of/the op-
..portunity to consider integrated-andbalancedydews of the U.S'. emergy/min- ,

.erals.pOsition, and off the. policies and programs. that might best serve energy/ .

minerals in the U.S. and the world. .- .

s,.

Demand for Energy/Minerals

Essentially aWenergy/minerals demand arises becaUse these resources""
are basic inputs in the-finaf goods and services aatien desires-; These -.
inputs,are used up in product, in power, in transperpt,.._ changers' in the de-,
mand for'theseraw, materials thus tend to be clOely associated with, changes
in national product: Oat abouV(real) price .9hanges ii<these inputs? Snch
pricechanges tend-to haveilimited influenceoh the'---amount of energy/miner

o

0'

*Hereafter "Report" means this Panel' ort.
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.
used, because in. practically all cases the

services,

of these inputs is small Com-

pared to-the cost of the final godds and' ervices,people want to buy.

, .

Income elasticities for-energy/minerals are straightforward.in\cOneept

and-in measurement, Ptice elastiCities are neither, -a consequence essentially.

of the,derved,hature of 'energy/minerals demand' Recent estimatesfor total

energy, inNthe U.S. suggest long-termelasticitieSof about unity C1.0) for

'income and of about (-) (0.25) for price. Increases of SO percent in the

relative price of energy overa,decadeor so might thus be 'accompanied by a

12.5 percent decline in epergy uses Real- national income growth of SO per-

t cent over\ that decade, mould in itself tend to generate a corresponding in-
-
el-ease (SO percent).in- energ-y---Use. With both price and income, increases,

energy demand Would ex and by more than 30 percent.

o

, These round numbers are illustrative, but the point, on the predominant

role of income change in,use of energy/minerals is valid:- it reflects the :-

strength of.aundamental technical input relationship.' Therelatively

.smaller importAnce of price changes is.-also.valid: it arises from the derived.
N

2naturejof the demand for energy/minerals
v.

The his orical record of energy* consumption in the U.S. provides ready

evidence of t- role of income in this growth.. For the half century to.1970

for example, annua.data reveal' the high correAtion:of these two measures:

The regression coeffielen7t,!las high statistical. reiiabilAy,7mhether total
,

consumption levels or changes,in these levels-Qare analyzed: That consUmption-

not associated with inceme.leve -- r change) is readily studied. thtough the

intensity-of-use conce his is the.a.Mount of energy used-per unit of real, ,

all':-.T.pviougly-dnergy-ffs, _(c) cfrang6 i ..uSe) ds.the product of GNP (or change
/

N.. _:-

it\GNP) and the appropriate
, a ,

0

,

Intensity of use shifts. because of substitution of inputs, especially as

a result\of.technoIogical change in producing diffeient-kinds'of energy and c',

inn different ways of using energy and as a result of price change, and because,

of hanging 'composition of people's demands -that is, of the changing 'Itruc-

tare of GNP.

*The discus'siotWill hereafter/focus on energy, although the argument essen-,

tially pettainsto both energy and minerals. The Report is primarily-qh"

cerned with energy. :-

*" *Use f PopUlation as an explanatory variable has little support in the.ac-

: tual ecora (nor, as indicated below, in the logic of consumption change).

Thus o significant regression coefficients for a population variable are

obt ne. its thestatistical analysis, whether the>m/easure9of population

"than itself is correlated with change in energy consumption or whether

popuIatiori and income variables are used together in the analysis of energy

consumption,

7
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'Historical experience and theoretical, bnsiderationS support the exis-
tence op fairly general patterns of intensity Chonge.*Jer energy .(an

such nations tend to use less energy-peUnii7Of GNP 'As GNP per.%copitaJn

most Minerals) theJJ.S..pnd,other rich lands shoW',deClining

nizea bogies of disciplinary doctrine.

creases Study of GNP change and intensity change thus permit;identifie
tion of the causal 'factors in changes of total energy Use: Both components- -
GNP and Intensity -are readily measured for *past periodS.:Bothhafe ree0g-

,9.

_

l'...

They are thus powerful-tools for any-process' projecting future d.0-1-
,

mind. The change the leVel of GNP.fOcuses obi the amount of energy/
, .

Minerals that must be used up,. Changing intensity leVelsj-eflect_soCietylsV
decisionS on relative gains and costs from energy` use,,giyek.alternotive in-
Juts, and products,- methOds, prices, Together. these tWo,comonents can
illuminate energy' use.

1-

Demand Analysis in the Report

'-These toe: s %tilt theory and fact;they providethe,frOmewbrk for most
demand proje° ions. But the Report takes a completely different course,. Its
anolytie-fr qework treat's changes in energy use as theprodUct tof ehangein
population and pereapita,energy consumption. : Again there is the convenience
of two components tIat exhaust the totaila do income and intensity): Here
however neither component halltheoretical evenven logiCal) 'attributes for
analysis of energy/minerals Kmand% Thus'70 percent:of t40.,world's popul'a-
tion uses less than 14 percent of the world's energy,:- Between 1951-55ansr

-1966-69, U.S.'population increased by some 45 million persons and our energy
use by close, to 800 million metric tons (e_ool_equiv,);" In the same period

,Mainiand-Lchina's population webt77-up_:_by,nearly'259-millibn persons and energy
Consumption by less than 270 mi11iOn-tonsAllsuch--data show thatpopUld-
tion numbers:and energy use (or Changes in 'them) are not related--until the
income variable rs introduced. 'For;income'N the 'key eneriy.use determinant:

Nor is the population-income:relationship straightforward. 'Population
growth is often held to have negative consequences for income growth, partic-
ularly in poor lands. Indeed this possibility is a moiot reason. for the

-existence of COMRATE! For poor nations a positive population-energy relation-
ship is assured when population and per capita'income have a positive rela-
tionship. The Report uses only a positive population- energy associotion, and
hence preciSely this positiVe income relationship. This is a strange assump-
tion fora COMRATE panel to adopt implicitly, without discuSsionN The .other
demand component, per capita energy consumption, As a purely descriptive.'
variable. It varies,. but its values'haVe meaning only in context with other
Variables. Thus for the U.S. high eons mptiori in 19501may b loW in 1970;
or high consumption in New Zealand i 1970' would be low in th Critical
is what energy is used for, and wh:. The ch'iracterization, " nergy7Satu-
rated," has an emotional, not OAeientific thrust. At the leas per capita
energy consumption must he considered with per capitoincome-,(a in the__
energy-income relationship) bOt even this would not. make per_ea ita energy

,
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fot an economy, society, people: its use is romantic,'not-analytic
consumption_ usefUl Ana+ytic variable. By itself

? 0' ,,,

The Report's persistence.in a structurerwithoutmethodologicalYalidity
imposes a' heavy toil, Herewith a few among many possible AllustratiOns

. ---.

1. The Report misinterprets facty.ial
I
mattetS.

, . .

To my knowledge the Report stands-alone in th ompOnent'§ it to

study energy demand. And it,askumes other analys s follow the e course.

Thus it discusses such key stUdlies as those br.Interior.and AEC as though

they:were not read,,'-certainly not understood. These two project energy estt-

Mates on the bases of GNP and intensity type considerations. Their specific

assumption's on these. components are legitimately Open to "clUestion,:especially .

in the Fight of later -experience. It is true they do divide energy /materials.
projectiorLs by projected population, and thus, derive a per capita consumption_

figure; for descriptive purposes. But'this iS not a component of their-de-
__

mand analysiS: Such ,asain, seems confined to-the Report. -

.

.0, A
---,..

-
The Repori'ts: methodology,impedes its handling- ofprice elasticity' stud

ies. The0EdpopSbn manuscript could 4 helpful to the Report's:themes, but it
is hisreadhat4studrY-(sUggesting a price' elasticity that. iS relativelr-

highfor7ener -.4 tcytS) anticipates large increasEs in per capita energy.

consumption by 1985, itSermihAldate, despite marked relative price in-

creaes in energy over thintervehing period. The fundamental matter here,

and m..., .
In=prIce_elasticitr studies by other scholars,' -is again the domi7

nant 4.41e of income in 'energy consumption. By essentially passing over the

. fundame tal relationship of income and energy, the Report-simply Misinterprets/

e wpf-k-, Such tr4tment of factualjilaterial is unscientific as well as
_ ,.----

mifleading._ '---

--

2. It endorses a population-energy fallacy (more population, more energy)

/
°S. /

As/41readr:indicated; the baSit interdependences here aite complex., They

can be used in the siMplistic {mole people more'energr) form of. the Report

,*only 61?-the assumption that pOpul4tion growth is alvAys associated with

greater per capita income--"limits"-Considerations notwithstanding. On the

othp side, even w4re both population groWth_and per capita income -are

exp nding, pOpulation does a poor job as a guide for growth,in ener r---eonsump-

on,. For-energy tends to grow with income, which is assumed to b growing

more rapidly than population. .

. 4

. , 0
/ ,

.
,

The Report exploits-this population-energy misconception in-'a way Which

mocks the COMRATE exercise. This the Report illustrates the nature ofAulti-

plication in a table (P. 319) which gives the product of aItern4tiVe .popula-

,tion prOjectlions to 2000 with-alternative per capita energy consumption

levels,,-- ,--In,particular, 'energy per capita at the 1965 level (which the:Report

ohviouslylikes-for-the.future)--andenergy per capita" detiyed,frOm.an'AEC

!projection fot 2000 (a level above 2'.--1/.2 times the 1965 16vel and which the

-Report obviously dislikes) is each multiplied,6y a population estimate for
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2000 whith
/44
reflects rather rapid population growt.KfO4he U.S. The table

is 'meant to,Aramatize how large is the product when the two high. components
are multiplied in contrast to products frowsmaller CoMpoents. l''But.resdlts=7-
.fidm multiplication aside, the Reporrhas'no concern about,uSing,awide range,
of per capitaenergytonsumption.jevels-with the samepOpjlatiorPfigureThe ,

possibility that incremehtS in population will mean diminishing'inctemeniS of
ec nomic and- social returns happens ttChe albasi&conceitno(OMRATE.':

6eill'Odfieok:0 the Report
/,/. ._ . -.,

. The;;110ott presentS no projOttiOn of its own' for future energy consump-
tion. But it'-makes amply clear.what it considers appropriate orders-oriMag-

4 , nitude,.,,, Using its4)Wneompopentit presents (via the mdMiplication table. . .

;,. itiscussed:above)- .tWproducts of "retised popdlatidn projectionsa range
With<Semb ,current acceptance/for the,ye!r 20.00-5,and "credible"i per' capita
mergy.cOnswilpti.la ,reye4s.':,./Thb:re- is- ,ho definitioi!OfcrediOe")x4.gpt than
it encompassed ac'rualTetcapitaleVels of the'recenOlpast-=197-0, or betttP -

065--With wffith'"weNhave-already succe's'sfully lived:" Or a "Credibl. e per
capita leVel.yieldsP iessentially the same total ConsipmPton i-2000.as actu
alOty occurred:in'1970." This would- require an inverse rerationship4etween
dhanges in population and in per capita use, but the iepere-also 'aCcepts:,as'
appropriate for 2000 ."ah increase,of 25 percent over/total consumption n in

I
.1970." Whj:de this,ffexi4ility might thus save (for. a while) thsiMplistit
population-energy relatidhship the Report hash adopted; there is o disciis,
sion.9the why of any per Capita level. A,25 percent increase is "of quite .,

a different stale"from what-follows with Intdrior_apd AEC. perkapitaArObrgy
"- ai.e.'41)ighJy unreaTistiowtthou"crtlibility.1! .'"7, ..

"-V 4 .
- .!.,?

. It is ..important to ask what the Report does n t.:. how 4o "credible" .'

)rojettions rellfteto GNP? The: Report does ndt adv
P.)

cate a_Stationary_state or
6 even constant per capita income_: Rather, it accepts "the posibility of the

U.:5. doubling its GNP .(by 2000) without increasing its (tot 1) energy con-
sumption," Given the Reports population' range for 2000, t is\wodlemean at
least a 6013eicent increase in per capita,Gr. It would also ;Ilan an 1.1a7n7
sity-ofuse of energy that was-'half current levels. Th se realities con-
cealed in theiRepOrtls "treaible"outlqak warrant -some bs rVation. Dobbling
of GNP means an annual rate averaging under 3;percent; he c is little basis
for-: an average below the 3:5-4A pertent forth4)1(Ing per od, however much
of the Report believes economic growtI appears to have lost much Of.its '
magic as 4'nat!ionaOdl," Per capita.alfncome- well over' 60 percent higher than
current levels is not readily:,ieeenciredwip 1970 Levels of per capita energy

, .

consumption. . That reconciliation, as the 500percent reductiO in int& sitY,
demands head -on confrontation with demand patterns; in theory and pr'ac i0.

\.A;
.

.

. .

IWtead the Report offers wordyand needlessly extended accounts o
social forces on the U:S e..sFene that more atpid expansio of
service sectors a the economy 4'16P::.29'1-3001, It Offers some evide te ?) :'

of,popula, receptivity-to COnservation practitesjpp. 29 -2961, -Th Re ort
fails to, see t4atat4best these are part of` intensity-or use challfig

g

4,11,
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have always had much less force, than GNP changes in ever
counter factual and analytic, reality,. it needs not aAer
demonstrations. ..ihe Report has no tools capable of such

after statit1g,that intensity.patterns are not appropFiat

natioQs, it offers, Without discussion, that U.S.. energy

be nike New Zealand's.".

The u.x_otthe matter is that the Report has simpl

sion the supPiTpanels: "limitations of many nonren

unlikelihood of high rateS.:of substitutionand_othe

miracles".... Given these, whyworry about supply and d

in an. expanding:U.S.? Demand will-Somehow adjust to "e'r

sistent with the limitations on the supply side. This p

for the Report's centluion, as we note below.,

Forecasting Design-

. .

The- ort's, main objectives were:te eValuate current projections;

identify area in need of improvement aid, from its own analysis of deban70,

make "constructive suggestions.. for improving forecasting design."' Perfor-

,mance on the first three objectives has already been discussed. On the

fourth, it offers a relatively remote and abStract brief chapter (Chapter

XVI ) to indicate what,good Jong-term projecting, forecasting should be. In-

,,sofar as tilts describes real operations, it calls for more rigor in thcaP-

Hplication of the presently fashionable device of alternativv scenarios. But

in no way whatsoever does the argument of this chapter bear uponwhat the

Report actually does: indeed the Report's reliante.upon romantic, "credible"

energy, consumption figures for 2000with imprObabie income conditions with

nq supporting argument --belittles what-the Report-identifies as one
of its

m*jor objectives. Its "scenario of how these (low levels) may be approached,"

484 "summarized" in a simplistic :"Figure 1 (p. 273) makes clear how little

attention the Report gave even its own vague and general recommendations on

this key prObleM.

y consumption. To

ions but alternative
argument. Indeed,
ly compared among
consuMptiomshould

bought the concru-'
wable resources",
technology-dependent

mand interactions
dible" levels con-
ovides the 'theme

The Report's Conclusion

The "overriding" conclusion of the Report is that current emphasis on

expanding energy supply to meet existing demand forecasts, could-place an

"unnecessary hardship on the nation." These "demand projections are exag-

gerated" and far exceed what the nation will in fact Use. But even this

"overriding" acknowledgement of the power of supply qithitations and of the

acceptability to the nation of the Report's "credible" levels..of demand is

hedged,. First, the "expenftand efforts currentlybeing.taken-and planned

for energy self-sufficiency should be curtailed" because the supplies' it

could produce "will not be :Vequired."t Then, apparently supply can be ln-

creased at high cost and "the nat4on.can be ,induced to consume them. ""
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This unhappy aNvalence is undertandable: the Rep ffers no sub-'
stance,on the nature-of demand and is therefore in no pos:. ion to interact
with supply considerations.. It seems to favor less energy self-sufficiency
with ut even posing the question of the benefits' of the policy it opposes.
The eport thus deprives COMRATE of aft' opportunity to render, basic contribd-
tiOns to I.S. Minerals policy: .Without any way of appraising gains from
energ /minerals use, of assessing the.efforts and costs man is prepared to

incur to ach:i.eve these gains, COMRATE has been confined to the production of
anoth r, albeit fully-articulated, footnote to Club of Rome, themes.

Theory and history do offer important hYpotheSes on what makes for popu-
lation growth, for national.prOduct growth,-for materials' use in'prOpct.

,The seeming ,conflict between a fixed stock and an expanding use bias 'always
been resolved. Critical is not the number'ef man, the ''amount Of material,
but tHe imagination"and skill with which' man adopts the things he wants, .

the Methoilt by which they are produced, the number of people that share them.
The world needs,social, and economic progress. Only man.with.his limitless
conceptual horizons, is able to balance these needs on a finite planet. Man
is theMost important world. resource;' the quality of man is at the core of
the -problems Of balance in materials supply and AeMand.

By failing, to pose the relevant resource.considerations, the yeport
prevented COMRATE and NAS from addressing the basic policy problems in the
resources area. The critical national policies to programs for resources
remain yet to be explored.

4

3 0
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ANNEX .I

GLOSSARY OF RESOURCE TERMS AND ABBREVIATIONS'

'RESOURCE T RMS

A oa centration 0 naturally occurring, solid,. liquid, or gaseous
materials in or on he earth's crust in such form that economic
extraction of a co dity is currently or potentially feasible.

dentified.Resources

Spec -iiic bodies of miner 1-bearing material whose location,
quality,..and quantity are'known from geologic evidence supported
by engineering measurements with respect to the demonStrated
category.

Undiscovered Resources
,

L4specifiedbodies of mineral\-bearing material surmised to exist
on tile b'asis. of broad geologic knowledge and then`

Reserve

That portion of the identified resource from' whic
mineral and energy commodity can be economically
extracted at the time of determination. The term
for reserves of some minerals.
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The following definitions for measure , indicated, and inferred are appli-

sable to both the.Reserve and Identied-Subeconomic resource components:*

Measured

Material for which estimates of quality and quantity haVe been

,.computed partly from sample analyses and measurements and partly

from Ieasonable geologic prOje tions.
.

Indicated

Material for which estimates of the quality and quantity have

been computed partly from sam te analyses and measurements and

partly from reasonable geologic projections-

0

Demonstrated

A collective term for the s m of materials in both measured

and indicated resources.

Inferre )

Material in unexplored ex ensigns of Demonstrated resources

for which estimates of,th quality and size are based on

logic evidence and projed ion.

lIdentified=Subeconomic Resources

Materials that are not R serves,'4 may°become so as a resu t

of changes in economic d legal conditions.

-0.

The portion of Subeco omic Resources that (a) rders on b ing

economically produdib q or (b) is not commerci Ily available

solely because of 10 al or political oircumst. ces.

*The terms proved, pro le, andNposs4ble (used b the industry foredonomic

evaluations of ore in SATecific deposit or diStr.cts) commonly have been used

looseIy'and interchangeably with the terms meas red, indicated, and inferred

Ause&by thp Department of-the-Inierior mainly or regional or national esti-

mates)..
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Submarginal

The po tion of Subeconomic Resources which would require a ub-,

slanti 11,y igher price (more than145____times the price at the-
time of deie mination) or a major cos-Creducing advance in tec-
nology.

Hypothetical Resoul*s7-

Undiscovered materials that mwreas nably be expected to exist
in a knoww Mining district,under kn-owh geologic conditions.
Exploration that cOnfirms their,existence and reveals ovian ity
and quality will permit their reclassificati
Identified-Subeconomic resource.

.Speculative Resources

UndiStovered Materials that may occur either in known types of
deposits in a favorable geologic setting where no discove les

have-been made, or in as'yet unknown types of 'deposits that remain
to be recognized. Exploration that confirms their existence and
reveals quantity and quality will permit, their reclassifi ation
as Reserves or Identified-Subeconomic'resources.

Area

AlftEVIATIONS, METRIC UNITS, AND CONVERSION FACTORS USED IN THIS REPORT

Mefer (m.) the' basic unit
m. ,..- 3.28 leet

Kilometer (km.) = 1,000m
1 km. .3.28 feet

0.62 mile

Square Meter (p2)
1 m2 = 10.76 ft.2

Square Kilometer (km2) = 1,000,000 m2
1 km?= 0.306 mi_2

Volume

Cubic meter (m3)
1 m3 . 35.3 ft.3

3J0

NO

.4



ass & Weight

.Gram (g.) - the basic unit
Kilogram. (kg.) = 1,000 g.

1kg. = 2:2-16s;
Tonne (metric ton) = 1,000 kg.

1 tonne = 1.1 ton
= 0.98 long ton
= 7.5 bbl. oil (average

Area Density

Kilogram per square meter (kg/m2)

l'kg/m2 = 0.21 lb/ft.z
tonne per square kiloMeter (tonne/km2)

1 tonne /km2 . 21i6 tons/mi.

Grade

Weight percent (wt.% or w/6)
100 wt.% = 6.8 bbl /ton . 276.4 gal/ton

= 10,000 ppm.

Energy*

Calorie (cal.)
1 1 cal. = 0.00597 BTU

= 0.00116 w4-hour
Kilogram calorie (ktial) the "food calorie" = 1,900 cal.

1 kcal. = 3.97 BTU
= 1.1 watt-hour,

0.00116 kwh.

4v.

Specific Energy

Calorie per gram (cal/g)
1 cal/g. = 1.8 BTV/lb.

I *Note: Calories are-non-s-tapdard units. The standard (mks) metric unit

is the joule.: 1 joule = 0;2386 cal; 1 watt = 1 joule per. second.
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.ANNEX II
CONFEREES, GUESTS AND -OBSE VERS

.

COMRATE EE ING OCTOBER' 16, 1972

Guests:

Ralph 'Llewellyn

Environmental Studies

James R. Balsley.
U.S. Geological Survey

Olaf Kays

GOglegicalsSuryey

Government Observers:,

ard, NAS

John R. Babey
Department of the Interior

COMRATE MEETING- OC

p,/

GUestsjContinued):

John D. Morgan, Jr,
U.S. Bureau of'Mines

/7

.COMRATE MEETING, DECEMBER

uests:

Bryce Breitenstein
University of Washington

Roland C.'Clement
Audubon Society

Philip L. Johnson
Gilman Blake National Science Foundation
five of Science 4 Technology

Alan P. Carlin
Environmental Protettion Agency

Fradcois J. Lampietti
I R & T

Vincent McKelvey
A Gordon Everett U.S. Geological Survey ,

Enkponmental Protection Agency

Frederick.T. Moore .

Bevan French Bank
National Science Foundaltie

Elburt F. Osborn
Harold Kirkem91- U.S. Bureau of Mines
U.S.,eologiCal Survey

Addison Richmond
Donald E. Lawyer Department of State
DepartMent of Defense
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COMRATE MEETIN

,

Guests (Continu

DEC MBER 11, 1972

)

William Salmon
.Department of.State.

GoVernment Observers::

Hans H. Adler
U.S`. Atomic Energy Commission

John R. Babey
U.S. Department of the Interior

William E. Benson
National Science. Foundation

Alan P. Carlin
Environmental Protection Agency

Richard A. Carrigan!'\
National Science Foundation

Joan Davenport
Environmental Protqction Agency.

Bevan French
"National Science. Foundation

P., Guild
U.S.-Geological Survey

Harold Kirkemo
W:S. Geological Survey

Donald L. Lawyer
Department of Defense

John D. Morg-ah; Jr.
`U.S. Bureau of Mines

James Oweds
U.S. Department of Commerce

Richard Ray
National Science Foundation

Edward W Tooker
U.S. Geological Survey
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COMRATE MEETING RY 10,1973

Government Observers:

William Berison
National Stfence Foundation

F Gilman Blake'
Office of Sciente & Techn

Harry Callaway
Department, of Commbice

Alan P. Carlin
Environmental Prote

Richard Carrigin
.
National Science Foundation

logy

tion.4encY

Allen Clark
.U.S./Geological Survey

Gordon Everett
Environmental Protection Agency

Harold Kirkemo
geological'iSurvey.

.John .Morgan, Jr.

U.S. Bureau of Mines

COMRATE MEETING - JUNE 11-1.2, 1973 es

Guests:,

Nathaniel Arbiter,
The Anaconda Company

Bryce Breitenstein
University' of. Washington

N

Richard A. Carpenter
Commission on Natural Resources

Robert English.
University of-CaliforAia

Denis Hayes
Illinois State Fuel Energy Office
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COMRATE MEETING JUNE 11-12, 1973

'Guests (Continli):

Franklin Huddle
Library of Congress

Ian Kaplan..

UniVersity of California

Wilfred MalenhauR

\I

UniVern_ty of Pennstania

ubert . Risser \-\..,

U.S... Ge logical. Survey

Konrad S
Stanford h Institute

. .

Burkhard
Institute

T.L. Wright
Chevron Overseas Petroleum, Inc.

mpel
or Social Research

COMR E MEETING - SEPTEMBER 14-134 1973

G rnment Obsencers:

Gilman Blake
ational Science Foundation

Richard A. Carrigan
'National.Scence Foundation

John. D. Morgan, Jr.
U.S. Bureau of Mines

(

COMRATE MEETING - DECEMBER 16, 1973

Observers:

Bryce Breitenstein.
University of Washington

William-Dresher
"University of Arizona

354

J

COMRATE MEETING - DECEMBER 16, 1973

Observers (Continued):.

Richard'XrabIin .

The Anacon\da Company

,FL11:4.Shewmon

gational Science Foundation

COMRATE MEETING- JUNE 6-9.\1974

Guests:

Bryce Breitenstein
University o4f Washington

COMRATE FIELD TRIP'- line 11, 1973/
(Santa'Barbara, Califor is Channel)

Guests:

-Bryce Breitenstei
University of Washi gton

Richard A. Carpenter
Commission on Natural eSoirces

Ian Kaplan
University of California

T. J; Abshier .

Mobil Oil Corporation

r,
E.J.JAckinson
Mobil Oil Corporation

J.A. Forman\
Mobil Oil.Corporation

W.D. Fritz
"Mobil Oil Corpor4tion

T.R. Gamble
Mobil Oil Corporation-,

D.E. Craggs
'Union Oil Company



'COMRATE FIELD TRIP - JUNE 11, 1973

(Santa Barbara:California Channel)

,GueSts (Continued):

R.J. Gillen
Union Oil Company,

Spradlirt

:NNUnion Oil COmpany

41J

341

COMRATE FIELD TRIP,- DEC. 14&17, 1973

.(Open-pit Mines Vicinity of Mcson'and
San Manuel Smelter & Mining Operations)

Guests:

Richard Krablin
The Anaconda Company

Robert Lynn
Amax Corporation

,(Bethlehem

FIELD TRIP SEOT.,13, 1973 T.L. Young

Steel Corp.,, Sparrows Point) The Magtha Copper Com any

7
Guests:

Edward Johnsen
U.S. Buteau of Mines

E.Rp. Rice

The Magma Copper Company.

R. D,ugdalei

The- Mh.gma Copper Company

Courtney Riordan ,

Environmental Protection Agency Fred Matter
o , University of Ari!ona

Genevieve Atwood i.

Environmental Studies Board (NAS)

Edward :Johnson
U.S Bureau of Mines'

Robert L. Hoopman
Bethlehem Steel Corporation

Leonard ReSselring
Bethlehem St6e1 Corporation,

H. Halstead /4a:

.Bethlehem Steel Corporation

J.W. Colbert
Bethlehem. Steel Corporation

Gives Flores
Bethlehem Steel' Corporation'.

vt,

Ashwill
Ranchers Exploration and Development.

Corporation
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PANEL ON.IMP CATIONS OF MINERAL Not) CTION'FOR 4
HEALTH AND E ENVIRONMENT

WORKSHOP

Conferees

Blair Bower,
Resources fer the Future

Elmore Grim
Natio al Environmental Research

Ce er

F.M. Sandoval

ILS.:Department of Apliculture

James Craig
Chevron-Research Company

Daniel BienstocW
BurealeofMines,

Paul Yavorsky
U S. Bureati of Mines

WORKSHOP - APRIL 22-43, 10'74

'ConieTees':

Bryce Breitenstein
University 'of Washington

Robert J. Charrson
University of Washington

Joseph Costello
ALFORD

Lester Lave'

Catueiie-Mellon University

Keith.'Morgan

West Virginia UniversiWi.Medical Center

avid B. Brooks'

ergy, Mines and ReSources Cana

Keith. Morgan

Appalachian Lgb for Occupational
7:Research-

Lester* Lave

Carnegip-Mel lon fUniversity

Observers:

'Genevieve AlWood
NASEnergy Board a

Williams Reiners
William GUckett Dartmouth College

Andrew Ford
Thayer SchootKof Engineering, Dartmouth

Eville Gorham
Uniliersityof Minnesota

George Land .:
JO AMAX Coal Company ,-,

Roger r:\Naill\-
. .;

Thayer School of Engineering, Dartmouth

Surface Mining,-Reclamatj.on

Richard Nod er----.°

U.S, Departmeht of Agriculture

James Boyer.

Bituminous Coal Research, Inc.

Albert Forney
Bureau.of-Mines

4

Sylvia Milanese .

MESA, Department of the Interior

Jack A., Simon

Illinois Ge4ogical Survey

Lowell Smith, . -

Washington Environmental Research
/,Center
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PANEL ON ESTIMATION OF MINERAL RESERVES AND RESOURCES

WORKSHOP OCTOBER 12-13, 1973

Conferees:

Harold Bennett'
U4. Bureau of Mines

Apn Cieslewicz
Colorado School. of. Mines

Willem A. Coster . .

Occidental. Minerals Corporation

Dennis Gox
Geologfcal SOX.Py

.

-Paul- Eimoh

Essex International

Ralph 1..icksom
U.S. Gechogical Survey .

11.

Deverle P. Harris
Pennsylvania State University A

John P. Hunt--

The, Anaconda, -Company..r

t1

George McGinn.
Mobil Oil6Corporation

Char4s Meyer
Uni-VCfsity of Califor.

Pierce D. Parker

AMAX Exploratio- Inc.

Walden' P. Pra
U.S. Geologd al Sur %y

Paul K. Sims
U,S.'Geological Surve

Sheldon Wimpfen
U:S.,Bureau of Mines

KWSHOP-- OcTOBER,12-13,1973

Conferees (Continued):

A.J. Wright'
Robertson Researchipternational

WORKSHOP JUNE 5, 1974

Conferees;

M. King Hubbert.
U.S! Geological Survey

Richard L. Jodry
Sun Oil Company

Vincent McKelvey,
U.S. Geological Survey

Williath Mallory'
U.S. Geological Survey

T.H, McCUlloh
University of Washington-

0

0,B Shelburne
Mobil Oil Corporation

Alex Steinbergh
Federal Energy Administration

James Winfrey
National Petroleum Council

10.
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PANEL ON. MINERAL CONSERVATION THROUGH TliCHNOLOGY,

!WORKSHOP - APRIL 1Q-12, 1974t

Con\fel'des:

Marvin Britton
Corning Glass Works

Wi 1 iam J. Cavanaugh
Lone Star .Industries

Albert Dietz
-

Massac4 setts institutesof<rechnology

40

Marne ub,
J

Kennecott Goppei-Corporation

Julius J. Harwood
ford McItor. Company

W.L. Hawkins
Bell Laboratories

HansLandsberg
Resources for the Future

Robert Loo -E murow

Professidna1 Enginger

Darrell D. Porter
E.I. DuPont. Company'

.H2obert Pry
General EleCtric

Schlabach
Bell. Laborato

Milton adswort
U ersity of Ut h

E.M. Warner

joy:,Manufacturing Co pany

o

I

`Ss

Walers given,at hi8;m eting have been reproduced in the Appendix of Source
Materials of ,this ane
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COMRATE,SYMPOSIUM ON NATIONAL MINERAL POtICY - AUGUST'23-24, 1973

Conferees:

Robert E. Athay
'DepaTtment of Commerce

.

Tom Byrne
-Interstate COMMOTCC CommissiOn

Richard Carrigan
National Science Foundation

Gary Cool(

Department Of Commer

Peter C. Schumaier
Department of Transportation,

William L. Springer
Federal Power Commission

Nicholas C. Tolerido
' .U.S. Tariff Commission

Thomas A., Henric
U.S. Bureau of Mines

'Albert Crary ^
7

Paul Howard

National Science Foundation Bureau of Land Management

,Floyd L. France .Bruce Grant

Department of justice Mining..Enforcement and gafety

Administration

John H. Hall_
Department bf the Treasury

james 1 lyverson
Federal rade Commission William M. Porter

Office'of Energy Conservation, poi

Vincent 8. McKelvey
U.S. Geological Survey

Arnold He mant )
Environment,1 Protection Agency '

John J. 1ngers11
Department of S nto

Harry LeBovit
General Services Adi

' Melville R.
U.S. Geologic

nis ration

I

J. Lawrence Mui.
Securities and E

Robert D. Niningcr
Atomic Energy Commis

Hubert W. Norman
Securities and Exchange' ommission Mike Bozzelli

Department of Commerce

Preto Cloud, Jr., Fotmer Chairman,COMRATE

John B. Rigg
Wnerals, Department of the Interior'',

John F. Robinson
Development and Budget, IV

Steen Wakefield
Energy and Minerals, DoI

John D, Morgan, Jr.
U'S. Bureau of Mines

sian Meado
U.G. Bureau Mines

James Owens \\

Department of Commerce

-
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ANNEX III
TABLE OF CONTENTS OF APPENDICES

If

Appendices to each Panel's report have been prepared as separate
documents, containing source material, contributed by panel mem-
bers or consultants, drawn upon er summarized in the report. The
Appendices do not necessarily reflect COMRATE er panel opinion;
they are an :information resource available n request to readers
with a special lnterest,,,

APPENDIX TO SECTION I: (REPORT OF PANEL ON MATERIALS
CONSERVATION THROUGH. TECHNOLOGY)

A. On Dealing with Finite Resources: ;Paper Cohtributed.by Panel-
Chairman A.G. Chynoweth and COMRATE Staff Mem&er F. Speer

Growth and Resources: Paper Contributed by Flans H. Landsherg,
Resources for the Future

0

, Environmental Liffilts to Technological Activity Within the
Earth's Biosphere: Paper Coatributea by Panel Member
T.B. Taylor

Who Kinetics of Technology Development:

A. Simple Substitution'Model of Technological Change-
. by J.C. Fisher and R.H. 'Pry;-Cceneral Electric
Company, -presented by R.H. Pry at Panel Workshop,
April 10-11, 1974

Forccasting.the Diffusion of Technology: Tafk at NATO
ASITT Meeting, June 29, 1973, by R.H. Pry, General
Electric Company

Some Thoughts on Future Materials Policies Paper .

Contributed by Panel MembePF.P. Huddle

360
346



fl

347

B. Tebhnology for Materials Supply: Paper Co tributed by Panel

Member H.P. Kellogg

Chemi'cal Aspects of Solution Mining: Abs ract of Paper

Presented at Panel Workshop, April 10-1 , 1974;by

-41. Wadsworth,' University of Utah

On the Industrial Uses of Space: Paper C ntributed by Panel

Member T.B. Taylor

C! Pollution Controf:- Paper Contributed by Panel Member

K.G. Semrau

Urban Wastes and Some. Related Problems: Paper Contributed,by

Panel Member D.J. RoSe

D. -Critical Materials Needs for Current Energy Technology:
Paper Contributed by. COMRATE Staff Member F. Sheer,,,

'

Materials Requirements.for 'Emerging Energy Technology:

Paper Contributed by Panel Member R.J. Rose

E. Materials Conservation Through Substitutes and Product',

Design: Paper Contributed by Panel Members A.G.
Chynoweth and'F.P. Huddle, and Staff Member F. Speer

Conservation of Materials in Building: /Paper-Presented:at.
Panel'Workshop,' April 10-11, 1974, by A. Dietz,

Massachusetts Institute of Technology

Materials Resources and the1kutomobile :Industry:" 'Paper

Presented at Panel Workshop, April 10- 11,'.1974, by

J.J. Harwood, Ford\Motor Company
,

Substitution and Recycling in the Communications 'Industry:,

Paper Presented.at Panel-Workshop, April
by T.D. Schlabach, Bell Telephone Labs

Plastics Supplies and Substfutes: Paper Presented at

Panel:Workshop, April 10 -1,1, 1974, by W.L. Hawkins

Bell Telephone Labs

F. Institutional Aspects of Materials Conservation: Three

Papers ContribUted by Panel Member F.P. Huddle, 1973-1974
'2\`,

Indusprial Symbiosis, Waste Conversion, and Economics

of Scale

Some Policy Alternatives for the National Stockpile

c).f Strategic aneCritical Materials
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Institutional Obstacles to the Acceptance of New
Technologin MaterlAls-

APPENDIX TO SECTION II: (REPORT OF ANEL ON ESTIMATION
OF MINERAL RESERVES AND_RE OURCES)

U.S.G.S. ReIeaSes Revised U.S. Oil and Ga. Resource Estimates;
Department, of thelInterior News Release March 26, 1974

Synopsis of Procedure:' Accelerated Nati al Oil and Gas
', Resource EvaluatiO\n (ANOGRE) W.W. Mall ry, U.S.G.S;,

January 28, 1974

Ratio Between Recoverable Oil per'Unit olume of Sediments
for TutUre Exploratory Drilling to th t of .the Past

T----:-(for the goriterminous United States: qmmunication of
Hubbert,U.S.G:S., to COMRAT , June 7, 1974

APPENDIX TO SECTION Ilk "(REPORT Of PANEL ON THE IMPLICATIONS
OF MINERAL PRODUCTION F0d,HEAL HAND THE ENVIRONMENT)

EnvirdnMental ImPact'of Energy Generation: The Sulfur Cycle;
Paper Contribgtdby Panel Member .1:1 Brock
0,

w ,

CoalWorkeWPnaumoConidsis: Its E onomic Impact and Preva-
lencetPaperPtepal'ed for'the'P nel by J. Costello,
ALFORD ULS,Public Health Servi e, and W.K.C. Morgan,;
West Virginia University Medica Center

Letter from W.K.C. MOrgan to the Panel, julY 22, 1974

Natural - Ecosystems and the Indu trial Production of Carbon
Dioxide: Paper Contributed:.' Panel Member D.B. Botkin,'
April 1974

Short-term Health Considerations Regarding the Choice,of Coal
as a Fuel: Paper Contribu ed by Panel Member L.B. LaVe ,*

tit

APPENDIX TO SECTIO IV: (REPORT 00 PANEL ON DEMAND
FORFUEL AND MINERAL RESOURCES)

:Bibliographic Review of elected "Demand Forecasts of Minerals
and Commodities, with Commentary on Methodology: Report,Ore-
paredfor the Paneloby Overly Schell Agsociates; August 1973
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